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STATEMENT OF FINDINGS 

This Voluntary Remediation Program (VRP) Compliance Status Report (CSR) (collectively, VRP 

CSR) is submitted by Atlanta Gas Light Company (AGLC) and Georgia Power Company (GPC) 

covering two former manufactured gas plant (MGP) sites located in Macon, Bibb County, 

Georgia, that are both included as site number 10511 (the Site) on the Georgia Environmental 

Protection Division (EPD) Hazardous Site Inventory (HSI). The two MGP facilities are 

referenced in this VRP CSR as the Mulberry Street MGP and the Western Portion MGP.  

The VRP CSR was prepared by Environmental Resources Management (ERM) on behalf of 

AGLC and GPC to satisfy the requirements of the Georgia VRP Act and Consent Orders #EPD-

VRP-012 and #EPD-HSR-227. This CSR demonstrates that the Site is in compliance with 

applicable provisions of the VRP and summarizes the various stages of investigation and 

corrective action completed at the Site, focusing on those completed since the submittal of the 

2004 CSR. Where appropriate, this VRP CSR refers to the March 2000 CSR prepared by 

Williams Environmental Services, Inc. (Williams, 2000) and the January 2004 CSR prepared by 

The RETEC Group Inc. (as revised March 2004, RETEC, 2004a) and the certifications of 

compliance made therein. 

In summary, soil, groundwater, sediment, and surface water samples from all phases of 

investigation were analyzed for Site constituents of interest (COI) and the results of these 

analyses were used to determine the extent of the constituents associated with former MGP 

operations. Results of the dozens of investigations, studies, and assessments completed at the 

Site since 1986 were used to design the corrective actions described in Corrective Action Plan 

(CAP) documents, Corrective Action Plan Addenda (CAP-A) documents and various work plans 

prepared since 2000, and the 2014 Voluntary Investigation and Remediation Plan (VIRP) 

approved by EPD in 2015.  

The remediation plan included in the VIRP was designed to mitigate the potential for receptor 

exposure to residual MGP impacts in soil and groundwater at the Site through the use of 

engineering and institutional controls. In accordance with the VIRP, unsaturated soils with MGP 

impacts were excavated and transported off-site, and in situ solidification (ISS) was completed 

to address MGP impacts in saturated soils and groundwater. Institutional controls in the form of 

Uniform Environmental Covenants (UECs) restricting land use, groundwater use and/or 

subsurface disturbance at parcels with impacts from former MGP operations or where ISS 

engineering controls remain in place will be executed on parcels in accordance with the Georgia 

Uniform Environmental Covenants Act, OCGA 44-16-1.  

Soil  

An evaluation of the results of all investigation and corrective actions performed to date on Site 

soil indicates that soils have been delineated to residential Type 1 risk reduction standards 

(RRS) or background levels determined in accordance with Hazardous Site Response Act 

(HSRA) Rules and VRP Act (VRPA) Rules. Soil at all parcels impacted by former MGP 

operations are either in compliance with default and/or site-specific RRS determined in 

accordance with HSRA Rules or comply with cleanup standards pursuant to the execution of 

UECs restricting subsurface disturbance and/or restricting land use of parcels to non-residential 
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use. Therefore, soil at all properties is in compliance with standards determined in accordance 

with the VRP. No further investigation or corrective action of soil is warranted.  

Groundwater 

The extent of MGP-related COI impacts in shallow alluvial groundwater and bedrock 

groundwater have been delineated to HSRA Type 1 RRS. Shallow alluvial groundwater is in 

compliance with residential RRS with the exception of an isolated area where the groundwater 

pathway will be controlled through the execution of UECs restricting the use of groundwater. 

Bedrock groundwater is in compliance in accordance with the VRP through standards which are 

protective of potential human and ecological receptors. UECs to prohibit groundwater use will 

be executed for parcels where residual impacts remain in alluvial and bedrock groundwater for 

long-term control of potential exposure pathways.  

Data collected at the Site over a period of approximately 20 years provides substantial evidence 

that residual impacts in groundwater does not present a risk to human health and the 

environment as evidenced by: 

 the residual dissolved phase plume in alluvial groundwater is stable as evidenced by: 

o data from nearly twenty years of groundwater monitoring demonstrates that 

natural attenuation is occurring resulting in a degradation of COI;  

o the effectiveness of corrective actions of source materials including soil 

excavation and ISS in 2002, 2009 and 2015 has resulted in reduction of COI 

concentrations and the extent of the plume; 

o detected concentrations of COI in alluvial groundwater are isolated to a small 

area west of Terminal Avenue within the Macon-Bibb County ROW and on 

Norfolk Southern active rail line property; and 

o with the exception of the area noted in the previous bullet, concentrations of COI 

in alluvial groundwater are below residential HSRA RRS rendering the exposure 

pathway for alluvial groundwater incomplete for the vast majority of the Site. 

 the residual impacts in bedrock groundwater are stable as evidenced by: 

o the extent is known, delineated and has not migrated in approximately twenty 

years of continuous monitoring; 

o as demonstrated by two decades of data, DNAPL and dissolved phase COI are 

stable and not migrating at steady-state conditions, a condition that is expected 

to continue based on corrective actions performed to remove source areas, 

natural attenuation, physical properties of DNAPL, and bedrock hydrogeological 

studies which have shown no potential for mobility, and 

o further, the bedrock hydrogeological setting (fracture size and type and bedrock 

competency) provides an impediment to the movement of groundwater and 

more importantly, impacts in groundwater and therefore does not present a risk 

to any potential receptors. 
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Therefore, groundwater at the Macon MGP site is in compliance as determined in accordance 

with the VRP. No further investigation or corrective action of groundwater is warranted.  

Surface Water and Sediment 

Surface water and sediments of the Ocmulgee River were previously addressed in the 2004 

CSR. Copies of the approval letters for the Sediment Remediation Closure Report and the 

subsequent Scour Protection Placement Completion Report are included in Appendix A. 

Monitoring since the 2004 certification of compliance for surface water and sediment has 

confirmed that the remedy remains effective. Residual impacts in sediments do not pose a risk 

to potential human or ecological receptors and surface water has not been impacted by former 

MGP operations. Therefore, no further investigation or corrective action of surface water or 

sediments related to the Ocmulgee River is warranted.  
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1.0 INTRODUCTION 

This VRP CSR is submitted by AGLC and GPC for HSI Site number 10511 (the “Site”). For the 

purposes of this document, the term “Site” includes the portion of AGLC’s contiguous property 

and any non-AGLC owned parcels impacted above applicable cleanup standards by the former 

MGP operations. The Site location is shown on Figure 1-1 and an aerial photograph of Site and 

vicinity in shown on Figure 1-2. 

1.1 Purpose 

This VRP CSR was prepared by Environmental Resources Management (ERM) on behalf of 

AGLC and GPC to satisfy the requirements of the VRP and Consent Order EPD-VRP-12 for the 

purpose of delisting the Site from the HSI. Documents previously submitted to and reviewed by 

EPD confirm the compliance status of sediment and surface water of the Ocmulgee River and 

soil on portions of the Site with applicable cleanup standards. This VRP CSR demonstrates the 

compliance status of all portions of the Site with applicable cleanup criteria pursuant to the VRP. 

This document also contains a summary of investigations and EPD-approved corrective action 

activities that have been completed at the Site in support of the compliance determination. Data 

from CAP and CAP-A reports, basis of design work plans (BDWP), Remedial Action Completion 

Reports (RACR) and Corrective Action Completion Reports (CACR) and CSRs previously 

submitted to EPD are incorporated by reference in this VRP CSR.  

This VRP CSR demonstrates the horizontal and vertical delineation of MGP-related constituents 

of interest (COI) in soil on properties that were not certified for soil or groundwater compliance in 

the 2004 CSR (RETEC, 2004a), and documents compliance of those properties with applicable 

soil standards. This VRP CSR also summarizes data demonstrating the horizontal and vertical 

delineation of MGP-related COI and reiterates compliance status for soil and sediment on those 

parcels previously certified in the 2004 CSR. In addition, this VRP CSR demonstrates the 

delineation and compliance of groundwater at the Site in accordance with the VRP. VRP 

qualifying properties, adjoining properties and property ownership information is shown on 

Figure 1-3. Tax parcels and property ownership are also identified in Table 1-1. 

1.2 Regulatory Background 

Investigation activities associated with the Mulberry Street former MGP operations began in 

1986. The portion of the Site where the Mulberry Street former MGP operated is shown on 

Figure 1-2. The Site was listed on the HSI as site number 10511, on July 24, 1998. Pursuant to 

HSRA, AGLC and EPD entered into Consent Order EPD-HSR-227 on July 11, 2000 (the “HSRA 

Consent Order”).  

To comply with the HSRA Consent Order, the Macon Site Soil and Groundwater CAP ([2001 

CAP], ThermoRetec, 2001) proposed corrective actions consisting of soil excavation of 

unsaturated zone soils and in situ solidification (ISS) of media below the water table. The 2001 

CAP focused on the Mulberry Street MGP, as the existence of a second former MGP in the 

Western Portion (Figure 1-2) was unknown at that time. Therefore, the original CSR submitted 

for the Site in 2004 (RETEC, 2004a), focused on the compliance status of parcels associated 

with the Mulberry Street MGP following completion of the excavation and ISS activities in 2002. 

Parcels with MGP-related soil impacts associated with the Mulberry Street former MGP were 



 

ERM 2  VRP CSR 2018 

  Macon MGP 

certified in the 2004 CSR as compliant with residential or non-residential RRS for soil or 

groundwater, as applicable, in compliance with HSRA. Compliance status of soil at these 

parcels is summarized on Figure 1-4 and in Table 1-2. The EPD-approved RRS for soil at the 

Macon Site, including EPD-approved background concentrations for COI based on a previous 

study (Appendix J of the 2000 CSR) are shown in Table 1-3. Compliance details and 

certification of sediments of the Ocmulgee River (upper and lower outfall) with Type 5 RRS 

and/or standards established in the EPD-approved CAP for Sediments in the Ocmulgee River 

(RETEC, 2001) were also included in the 2004 CSR. A copy of the 2004 Certification of 

Compliance with RRS submitted in the 2004 CSR is included in Appendix A. 

Post-remedy compliance groundwater monitoring activities identified continuing groundwater 

impacts. Approaches to address remaining COI in alluvial groundwater outside the footprint of 

previous corrective actions in the Mulberry Street MGP area, COI in alluvial groundwater in the 

Western Portion MGP area, and approaches to address COI in bedrock groundwater were 

proposed in the Groundwater Corrective Action Plan Addendum (GW CAP-A; RETEC, 2006). 

The 2006 GW CAP-A provided results of soil and groundwater investigations and pilot test data 

from activities completed after submittal of the 2004 CSR to support the proposed activities. 

Corrective actions proposed in the 2006 GW CAP-A to treat alluvial groundwater in the Western 

Portion MGP area were implemented in 2007. A Focused Feasibility Study for the Alluvium in 

the Area Downgradient of the ISS Mass (FFS for the ADGISSM; ENSR, 2008) was submitted in 

2008 to outline a second phase of ISS activities beyond the 2002 ISS footprint to bring alluvial 

groundwater in the Mulberry Street MGP area into compliance. The additional ISS work was 

completed from September 2009 through January 2010, followed by post-remedy compliance 

groundwater monitoring. 

In correspondence dated January 17, 2012, EPD requested submittal of a CAP-A to address 

remaining COI in alluvial groundwater at the Western Portion former MGP and bedrock 

groundwater impacts east of the Mulberry Street former MGP. The Western Portion and MW-

101 Area Groundwater CAP-A (ERM, 2014a) was submitted to EPD on February 18, 2014 in 

accordance with the schedule established by EPD. The 2014 CAP-A proposed soil excavation 

and ISS as the selected corrective actions for the alluvial impacts at the Western Portion MGP. 

During a meeting between EPD and AGLC personnel in July 2014, it was agreed that the 

Macon MGP Site was a candidate for entry into the VRP and subsequently entered into EPD 

Consent Order EPD-VRP-12 (the “VRP Consent Order”). The VRP Application and VIRP were 

then submitted to EPD in October 2014 (ERM, 2014b). The Western Portion 2014 CAP-A was 

included in the VIRP as Appendix C. Qualifying properties in the VRP Application are shown on 

Figure 1-3. Qualifying properties are parcels and Macon-Bibb County right-of-way (ROW) areas 

associated with impacts from the Western Portion former MGP operations requiring corrective 

action as presented in the VIRP, and parcels and ROW areas associated with impacts from the 

Mulberry Street former MGP operations not previously certified to HSRA RRS in the 2004 CSR. 

The VRP Application was approved by EPD on May 21, 2015, and the VIRP was approved by 

EPD on May 26, 2015.  

 



 

ERM 3  VRP CSR 2018 

  Macon MGP 

1.3 Document Organization 

This CSR is organized into the following sections:  

 Section 1.0 gives an introduction. 

 Section 2.0 provides Site background and history, including a description of the former MGP 

operations, a summary of investigations completed prior to submittal of the 2004 CSR, the 

list of COIs resulting from MGP releases at the Site, and potential sources. 

 Section 3.0 presents the Conceptual Site Model (CSM). The CSM includes the general 

scope of Remedial Investigations (i.e. investigations completed since 2004), Site 

characteristics, extent of COI, and fate and transport mechanisms.  

 Section 4.0 presents a summary of soil investigations completed at the Site to achieve 

horizontal and vertical delineation MGP impacts. 

 Section 5.0 presents a summary of groundwater investigations completed at the Site to 

achieve horizontal and vertical delineation of MGP impacts. 

 Section 6.0 presents soil and groundwater compliance with cleanup goals. Section 6.0 also 

includes a point of exposure (POE) evaluation to assess the potential for residual 

groundwater COI concentrations to adversely impact potential receptors. The evaluation 

demonstrates that residual COI in groundwater do not present a risk at the potential POE, 

which is located approximately 1,000 ft from the Site.  COI concentrations would have to be 

multiple orders of magnitude higher than concentrations present anywhere at the Site to 

potentially present a risk. 

 Section 7.0 presents a summary of potential exposure pathways and potential sensitive 

receptors, and overall status of Site compliance with applicable cleanup standards.  

 Section 8.0 provides a summary and conclusions regarding the Site.  

 Section 9.0 includes the references cited in this document. 
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2.0 SITE BACKGROUND 

2.1 Site Location and Features 

The Site is located in Macon, Bibb County, Georgia, with geographic coordinates for the 

approximate center at 32º 50’03.04” Northern Latitude and 83º 37’17.66” Western Longitude 

(United States Geological Survey [USGS] Topographic Quadrangle, Macon East, 1985). 

Releases of COI at the Site resulted from historical operations of two former MGP facilities that 

date back to the 1800s. The Mulberry Street MGP has been the subject of numerous 

investigations and corrective actions since the 1980’s. The Mulberry Street MGP was situated 

on land bordered by 6th Street, Walnut Street, 7th Street and Mulberry Street (Figure 1-2 and 

Figure 2-1). 

A second former MGP, the Western Portion former MGP, was located along Terminal Avenue 

on property currently owned by AGLC and extending onto Macon-Bibb County ROW areas, 

bounded to the south by 6th Street, to the west by an undeveloped parcel currently owned by 

Prodigy Holdings, LLC, to the north by Terminal Avenue and to the east by Walnut Street 

(Figure 1-2 and Figure 2-1). Investigations focused on the Western Portion MGP began in 2005.  

In addition to the property surrounding the two former MGPs, the Site includes Central City Park 

(CCP) owned by Macon-Bibb County, ROW portions of Terminal Avenue, 6th Street, Mulberry 

Street, Walnut Street, and 7th Street owned by the Macon-Bibb County, and railroad ROW 

areas owned by Norfolk Southern and CSX Transportation (Table 1-1 and Figure 1-3). The 

current land use for all developed parcels comprising the Site and adjacent parcels is 

commercial/industrial (i.e., non-residential).  

2.2 General Manufactured Gas Plant History 

MGPs commonly operated in the 1800s through the 1950s for producing manufactured gas 

using coal gas processes, water gas/carbureted gas processes, and/or oil gas processes. The 

gas was primarily used for lighting and heating. The coal gas process involved the carbonization 

of coal in retorts (ovens) that produced gas consisting of hydrocarbon elements of the coal. The 

water gas process involved heating coke or coal in a generator, and subsequently injecting 

steam into the heated vessel that produced gas consisting of hydrogen and carbon monoxide. 

The carbureting process further included the injection and cracking of oil, creating a gas with 

hydrocarbon elements and a higher British thermal unit (BTU) content. The oil gas process 

involved injecting oil into a heated vessel, producing a gas consisting of the hydrocarbon 

elements of the oil. Each of these processes resulted in the generation of residual material such 

as tars, liquors, sludges, coal fragments, and gas purifying wastes. This residual material 

includes by-product like material (BPLM), commonly described as oil-like material (OLM) or tar-

like material (TLM) residue, and non-aqueous phase liquid (NAPL). 

2.2.1 Mulberry Street MGP Site 

The 2000 CSR (Williams, 2000) included a detailed summary of former operations at the 

Mulberry Street MGP Site and surrounding properties as determined by review of Sanborn Fire 

Insurance maps (1884, 1889,1895, 1908, 1920, 1924, 1951, and 1969; Appendix A of the 2000 

CSR), historical photographs, and aerial photographs (1920, 1949, and 1950). A 1930 appraisal 
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of the facility (Appendix B of the 2000 CSR) was also used to compile an operational history of 

the former MGP.  

Historical documentation indicates that all three gas generating processes discussed above 

were utilized at the Mulberry Street MGP over the course of its operational history, which began 

in the mid-1850s and continued for nearly 100 years. Structures formerly located on the 

property included three gas holders, four tar wells, several purifying tanks, and various oil and 

crude oil tanks (RETEC, 2001). The locations of former MGP structures are shown on Figure 2-

2.  

All buildings and surficial equipment shown on Figure 2-2 were removed between 1924 and 

1951 with the exception of the Purifier House, which was used as a workshop until it and its 

subsurface structures were removed in 2001. Detailed information on former operations and 

removal of MGP structures can be found in the 2000 CSR, the 2001 CAP and the 2004 CSR. 

2.2.2 Western Portion MGP Site 

A detailed description of former operations and associated structures at the Western Portion 

MGP is unavailable because the history of operations predates typical historical records (e.g., 

Browns Directory). However, an artist rendering of Macon in 1872 depicts a two-holder gas 

plant located northwest of 6th Street where Terminal Avenue is currently located. The Western 

Portion MGP is estimated to have operated from at least 1872 based on the artist rendering 

(Figure 2-3), to some time before 1884 based on the absence of the MGP plant on the 1884 

Sanborn fire insurance map, which is the first available fire insurance map for the area.  

Observations made during the excavation of test pits in 2008 in the Western Portion MGP area 

revealed the presence of brick and wood fibers potentially associated with MGP structures. 

Results of forensic analyses performed on samples collected during the August 2009 

Supplemental Site Characterization (SSCR; ECM, 2009) indicated that the impacts were related 

to an MGP operation involving pyrolysis of wood resins, which was different from historical 

operations performed at the Mulberry Street MGP where the carbureted water gas process 

involved pyrolysis of coal. As documented in the CACR (ERM, 2016a), brick walls and the brick 

bottom of a gas holder were encountered on the property between Terminal Avenue and 6th 

Street, west of the intersection of 6th Street and Mulberry Street during excavation activities 

completed in the Western Portion. The walls and bottom of the holder and surrounding soils 

were excavated and removed as part of corrective action activities. 

2.3 Previous Investigations 

Assessment of soil and groundwater at the Mulberry Street MGP began in 1986. Activities 

included geophysical exploration, test pit excavation and the collection of soil and groundwater 

samples for laboratory analysis. Additional work completed in 1990-1991 included a review of 

available historical information (including Sanborn maps), completion of 22 soil borings for 

visual observations for residual BPLM, soil sample collection for laboratory analysis, installation 

of 6 groundwater monitoring wells, collection and laboratory analysis of groundwater samples, 

slug testing of monitoring wells, and a limited survey of potential human and environmental 

receptors (LAW, 1991a; LAW 1991b; LAW 1992).  
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Eighty-six soil borings, 19 groundwater monitoring wells, and 5 structure wells were installed 

between December 1997 and February 1998 as part of an environmental assessment to define 

the horizontal and vertical extent of COI in soil and groundwater and investigate for the potential 

presence of NAPL (Williams, 1998). Source material in the form of TML and OLM was observed 

in subsurface former MGP structures on the Mulberry Street MGP property during the 

environmental assessment conducted from December 1997 to February 1998 (Williams, 1998). 

Monitoring wells were installed downgradient of the former structures to monitor for potential 

NAPL, and the structure wells (Figure 2-2) were installed to allow for the measurement and 

collection of residual NAPL. No measurable NAPL was observed in the monitoring wells. 

Measurable amounts of NAPL were present in structure wells SW-1 and SW-2 (less than 1 

foot), and TLM was identified in SW-4 (less than 0.5 foot).  

Investigations conducted at the Mulberry Street MPG portion of the Site between March 1999 

and February 2000 included completion of more than 100 soil borings for visual observations 

and laboratory analysis; installation of 10 groundwater monitoring wells; and geophysical 

investigations of bedrock conditions. These investigations were conducted as part of the 

environmental assessment completed by Williams (RETEC, 2004a). Investigation methods and 

results were reported in the 2000 CSR. Soil samples were collected for visual observation of 

BPLM, field screening for the presence of VOCs using closed headspace procedures with a 

flame ionization detected (FID) or photoionization detector (PID), and for laboratory analysis for 

COI. From 1999 to 2000 over 100 additional borings were completed for soil sample collection, 

visual observation, field screening and laboratory analysis during the Compliance Status 

Investigation completed by Williams (Williams, 2000; RETEC, 2004a). A total of 86 soil borings 

were completed after submittal of the 2001 Soil and GW CAP, most as part of a source 

delineation investigation completed between April 16, 2001 and June 1, 2001. Details of 

activities, including drilling methods, soil sample collection and handling and boring logs were 

included in the Source Delineation Investigation Report (ThermoRetec, 2001).  

Details of these investigations were previously submitted to EPD in various reports (LAW, 

1991a; LAW, 1991b; Williams, 2000; RETEC, 2000; RETEC, 2001; RETEC, 2004a; RETEC, 

2004c; RETEC, 2004d). These reports include information regarding rationale for boring 

locations, drilling logs, soil screening and collection methods, borehole abandonment 

techniques, sample handling and preservation techniques, decontamination procedures and 

laboratory methods. Therefore, a discussion of the methods and procedures used during these 

investigations has not been included in this report. These investigation and characterization 

activities were used to delineate COI in soil and groundwater and to design corrective actions to 

bring the Site into compliance with applicable standards. 

2.4 Site-Specific Constituents of Interest 

Releases at MGP sites in general involve tar, oil, slag, coal fragments, ash and associated 

sludges that are complex mixtures of different SVOCs, lesser amounts of phenolics and VOCs, 

and some inorganic compounds such as various metals and cyanide. The ash and slag are 

considered to be essentially inert materials, as the organic constituents are burned off in the 

process of producing gas. The Gas Research Institute (Management of Manufactured Gas Plant 

Sites, Volume I, Wastes and Constituents of Interest, October 1987 and later revisions) 

identifies a list of chemicals present at most MGP sites. The list of MGP-related Site-specific 
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COI addressed in this VRP CSR were developed based on the Gas Research Institute list plus 

compounds detected during the Preliminary Assessment (LAW, 1991a) and Site Inspection 

(LAW, 1992) above the applicable HSRA notification concentrations in soils or above 

background levels in groundwater. In correspondence dated January 17, 2012, EPD requested 

that COI listed in the 2014 CAP-A match those presented in the 2004 CSR. Site-specific COI, 

consisting of VOCs, SVOCs and inorganic compounds, are presented in Table 2-1. Natural 

attenuation (NA) parameters (Table 2-1) have also been collected at the Site to assess 

groundwater conditions and evaluate degradation of COI. 

2.5 Source of Release 

2.5.1 Mulberry Street MGP Site 

Former MGP structures and associated subsurface remnants were identified and documented 

in the 1991 Preliminary Assessment (PA; LAW, 1991a), the Site Inspection (SI; LAW, 1991b), 

and Environmental Assessment Report (EA; Williams, 1998) and included Gas Holders 1, 2, 

and 3; Tar Wells 1, 2, and 3; the Tar and Liquor Well (Tar Well No. 4); and the Purifying 

Room/Exhaust and Motor Room (Figure 2-2).  

Other MGP structures, equipment, or storage areas were identified from the 1930 appraisal and 

Sanborn maps, including oil tanks, a coal trestle, a carbonizing plant, a fuel/water gas room, a 

coke shaker and conveyor, crude oil tanks, a meter house, additional tar wells and tar kettles, 

an oxide-drying platform, and purifiers.  

Six surface soil samples were collected in October 1991 (LAW, 1991a) near former Gas Holders 

1 and 2 and former Tar Wells 2 and 3. Compounds associated with MGP operations, including 

volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs) and metals 

were detected at all 6 locations. All of the potential sources listed above, including those 

investigated in 1991, could have contributed to the release of regulated substances, but the 

extent of each source’s contribution is uncertain. Extensive subsurface investigations completed 

at the Site have provided sufficient data to define the extent of MGP-related impacts to soil and 

groundwater from each of these potential sources. 

2.5.2 Western Portion MGP Site 

Information on the type and location of plant structures at the Western Portion MGP is limited, 

as the only available depiction is the 1872 artist rendering showing 2 gas holders, where 

Terminal Avenue is currently located (Figure 2-3). Operations at the plant appear to have 

ceased prior to 1884 based on the absence of the former gas holders from the first Sanborn 

Map published in that year. Investigation of the area northwest of 6th Street began in 2005. In 

2007, soil and groundwater impacts requiring additional investigation were identified during the 

demolition of structures on the property northwest of the intersection of 6th Street and Mulberry 

Street. Data collected during investigation and delineation activities completed between 2007 

and 2013 indicated impacts to soil and groundwater from the Western Portion MGP on portions 

of properties presently owned by AGLC, Norfolk Southern, Prodigy Holdings LLC, and the 

Macon-Bibb County ROW areas (Figure 1-3).  

Although identification of specific potential sources at the Western Portion MGP is not possible 

due to sparsity of historical information, extensive subsurface investigations have provided 
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sufficient data to define the extent of MGP-related impacts to soil and groundwater from former 

operations. 
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3.0 CONCEPTUAL SITE MODEL 

This section presents a brief description of the remedial investigations and delineation of Site 

COI completed since submittal of the 2004 CSR, and presents the CSM, including the Site 

geologic and hydrogeologic setting, and aquifer characteristics. This section also presents a 

summary of the geologic conditions that govern the distribution of dense NAPL (DNAPL) in 

bedrock fractures and preclude DNAPL migration beyond the isolated area where currently 

present.  

As shown on Figure 1-4 and discussed in Section 1.2, soils at numerous parcels and in ROW 

areas were certified in the 2004 CSR and those certifications remain applicable. As such, the 

data presented in this section and in Section 4.0 are specific to areas not certified in 2004, and 

detail the activities completed to investigate and bring these areas into compliance.  

Information pertaining to the corrective actions completed between 2000 and submittal of the 

2004 CSR (Figure 3-1) and the 2004 certification of parcels as shown on Figure 1-4 and 

provided in Appendix A can be found in the 2004 CSR. Information pertaining to CSM 

development can be found in the 2004 CSR, the 2008 Focused Feasibility Study (FFS) for 

Alluvium in the Area Downgradient of the ISS Mass, the VIRP and VRP Semiannual Progress 

Reports. 

3.1 Remedial Investigations Since 2004 

This section briefly describes both delineation sampling and post-corrective action confirmation 

sampling performed at the Site to the extent needed to certify MGP COI-impacted parcels that 

were not certified in the 2004 CSR. The discussion is divided into the MW-101 area, the 

Western Portion former MGP and the ADGISSM based on differences in the dates of discovery, 

investigation and corrective action (Figure 3-1). Field methods and quality assurance/quality 

control (QA/QC) procedures were performed in accordance with U.S. EPA’s Standard Operating 

Procedures during the investigations, as documented in reports previously submitted to EPD, 

including the 2006 GW CAP-A, 2008 RACR for Bedrock Groundwater, the 2008 FFS for 

ADGISSM, the 2014 CAP-A and the 2014 VIRP. 

3.1.1 MW-101 Area 

Groundwater monitoring completed from 2002 through 2004 in the Mulberry Street MGP area 

indicated the need for additional investigation and corrective action near MW-101, cross-

gradient of the 2002 ISS (Figure 2-1). In July 2004, soil borings were completed in the MW-101 

area for visual inspection for residual MGP-impacts, and to install injection and observation 

wells for pilot testing of an in-situ remedy. Testing to evaluate the effectiveness of an oxygen 

diffusion technology (iSOC®) to promote biodegradation of COI in the alluvial aquifer at MW-

101 was initiated in July 2004 (Figure 3-1). Testing continued in the MW-101 area until February 

2005, when concentrations of dissolved COI were reduced to below laboratory detection limits.  

Minimal TLM was observed in 2 additional borings completed in the MW-101 area in November 

2005. To aggressively treat the minimal TLM in the saturated zone, the 2006 GW CAP-A 

recommended ISCO. Implementation of the recommendations in the 2006 GW CAP-A were 

suspended when the Western Portion MGP was discovered, and groundwater monitoring in the 
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MW-101 was suspended until 2009. The 2011 Focused Feasibility Study – Western Portion and 

MW-101 Area (ECM, 2011) presented ISS as the recommended remedy for the MW-101 area; 

however, as detailed in the 2014 VIRP (Appendix C), groundwater monitoring results since 2013 

showed natural attenuation of dissolved phase COI to be occurring in the area, as evidenced by 

decreasing concentrations at MW-101 and a lack of COI detections at well locations less than 

100 feet downgradient of MW-101. As the MW-101 area is within the Type 5 property boundary 

already certified in the 2004 CSR and groundwater use at the property is already restricted 

through the execution of UECs, the 2014 VIRP recommended continued monitoring of 

groundwater at MW-101 to confirm lack of COI migration to downgradient wells and continued 

attenuation of COI at MW-101.  

3.1.2 Western Portion MGP 

This section briefly describes soil investigation activities performed since February 2005 in the 

Western Portion MGP area (Figure 1-2 and Figure 3-1) to the extent needed to provide 

evidence of the horizontal and vertical delineation of COI in unsaturated soil at parcels impacted 

by Western Portion former MGP operations.  

Groundwater monitoring conducted following completion of the 2002 ISS indicated the need for 

additional investigation and corrective action in the area upgradient of the ISS, near MW-09 at 

the intersection of 6th Street and Mulberry Street (Figure 2-1). The Pilot Test Work Plan (PTWP; 

RETEC, 2004e) outlined plans to evaluate the effectiveness of remediation using either iSOC® 

or ISCO in the MW-09 area. Pilot testing of iSOC® was conducted in 2005 (Figure 3-1). Results 

indicated that residual impacts in the saturated zone near MW-09 were not amenable to aerobic 

bioremediation (RETEC, 2006). Soil investigations completed from November 2005 through 

March 2006 along Mulberry Street, 6th Street and on parcels west of 6th Street indicated MGP-

impacts (primarily TLM) were more extensive than previously thought, and ultimately led to the 

identification of the Western Portion MGP. 

Subsequently, the GW CAP-A recommended additional investigation near MW-09 to further 

characterize the extent of impacts and evaluate remedial options. The recommended 

investigation began in August 2006. ISCO injections were implemented in 2007 in accordance 

with recommendations in the GW CAP-A (Figure 3-1) but were suspended in December 2007 

due to the need for additional delineation of residual BPLM in the unsaturated and saturated 

zones. Additional investigations were completed in 2008, which included test pit excavations to 

further identify impacts.  

In August 2009, 41 soil borings were completed in the Western Portion MGP area. Forensic 

fingerprint sample analyses indicated the impacts in the area were MGP-related but were from 

operations different from those performed at the Mulberry Street MGP (ECM, 2011). An 

additional 20 soil borings and 11 groundwater monitoring wells were completed in 2010 (ECM, 

2011) to provide data for a remedial alternatives evaluation. In 2013, over 100 soil borings were 

advanced to complete the delineation of COI in surface and subsurface soil and evaluate 

compliance of unsaturated soil with RRS (ERM, 2014a).  

In summary, the conclusion from these investigations was that additional corrective action 

beyond that already completed in the Western Portion MGP area, as documented in the 

Western Portion and MW-101 Area Groundwater CAP-A (ERM, 2014a), was required. The 
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proposed remedy included excavation of unsaturated soils and ISS of saturated soils to address 

MGP source materials below the water table. A summary of the corrective action completed in 

the Western Portion was included in Appendix A of the 2nd Semiannual VRP Progress Report 

(ERM, 2016b). Compliance of soil and groundwater in this area is summarized in Section 6.0 

and certifications are included in this report. 

3.1.3 Area Downgradient of the ISS Mass 

The main objective of investigation in the ADGISSM was to identify impacts in the saturated 

alluvium identified during the implementation of the bedrock remedy in this area as documented 

in the Remedial Action Completion Report for Bedrock Groundwater (AECOM, 2008). The 

investigation data was used to design an appropriate remedy for soil and groundwater and 

assess the area for any unsaturated zone impacts not addressed during soil excavation in the 

area in 2002.  

Between November 2006 and May 2007, a total of 25 soil borings were completed in the 

ADGISSM. Details of the investigations, including boring locations, borehole drilling techniques, 

unsaturated zone soil collection methods, field screening of soil with a PID for the presence of 

organic vapors, and visual observations of soil samples were submitted to EPD in the FFS for 

the Alluvium in the ADGISSM (ENSR, 2008) and the Remedial Action Completion Report for the 

Area Downgradient of the ISS Mass (RACR; AECOM, 2010). In summary, visual observations 

and field screening using a PID did not indicate MGP-impacts in the unsaturated zone; 

therefore, no soil samples were collected from the vadose zone for laboratory analysis. 

In 2009, soil excavation and ISS activities were completed in the ADGISSM to address residual 

MGP-related TLM in saturated soil and associated groundwater impacts (AECOM, 2010). Soil 

used to backfill the footprint of the 2009 ISS mass included soil previously excavated within the 

ADGISSM to allow for ISS, supplemented with imported backfill. Backfill soil was tested prior to 

use at the Site. Laboratory analyses showed reported concentrations for all analytes tested in 

the backfill were below Type 2 RRS approved by EPD for the Site.  

The ADGISSM is located within the boundaries of a parcel currently owned by the Macon-Bibb 

County Urban Development Authority, which was certified in the 2004 CSR to HSRA Type 5 

RRS. No vadose zone soil impacts were observed during the 2006-2007 investigations, nor 

during the implementation of corrective actions to address saturated zone impacts in 2009, and 

backfill materials are in compliance with Type 2 RRS. As such, soils in the ADGISSM remain in 

compliance with the RRS pursuant to HSRA.  

3.1.4 Macon Iron & Paper Stock Company  

Twelve soil borings were completed at the former Macon Iron and Paper Stock Company 

(MI&P) as due diligence samples in March 2013 using direct push technology (DPT; Figure 3-2). 

A surface soil sample (0-2 feet below ground surface; ft bgs) and a subsurface sample were 

collected at each location for laboratory analysis. Sample handling, field screening, logging and 

laboratory analytical methods were consistent with those discussed above. Analytical results for 

MGP-related VOCs, SVOCs and metals are summarized in Table 3-1. Soil boring logs and 

laboratory reports are included in Appendix B.  
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Sample results indicate that detected concentrations of VOCs, SVOCs and metals were all 

below even Type 1 RRS as calculated pursuant to HSRA except for benzene at 2 locations 

(DDSB-8 and DDSB-10; Table 3-1). Although benzene was not detected at DDSB-9, the 

laboratory detection limit for benzene for this sample (2.8 mg/kg) was above the HSRA Type 1 

RRS (0.50 mg/kg). Likewise, although chloromethane was not detected at DDSB-8, the 

laboratory detection limit for chloromethane for this sample (0.095 mg/kg) was above the HSRA 

Type 1 RRS (0.04 mg/kg).  

3.2 Physical Setting 

The Site topography ranges between elevations 285 to 330 ft above mean sea level (ft AMSL; 

United States Geological Survey [USGS] Topographic Map Macon West and Macon East, 

Georgia; Figure 1-1). Land use for parcels that comprise the Site and adjoining properties is 

industrial/ commercial. An active Norfolk Southern rail line is located northwest of the Site, 

across Terminal Avenue. Properties owned by Norfolk Southern and CSX Transportation, which 

include active rail lines, are located north and south of the intersection of Walnut Street and 7th 

Street to the east of the former Mulberry Street MGP. CCP is located east of these rail lines. 

The Ocmulgee River flows northwest to southeast in this area of Macon and is approximately 

1,000 ft north-northeast of the Site at the closest point. 

3.2.1 Regional Geology and Hydrogeology 

The Site is located in the Coastal Plain physiographic province of Georgia, which in Bibb County 

is divided into three distinct regions that include the Sand Hills, Red Hills and Tifton Upland 

(Clark and Zisa, 1976). The Site lies within the Sand Hills region which is characterized by light-

colored sands and clays of Late Cretaceous age that slope gently towards the southeast 

(Husted et. al. 1978; Legrand 1962; RETEC 2006). The Site is underlain by up to 40 ft of 

Pleistocene- to recent-age alluvial deposits described as unsorted sand, gravel, and clay 

(RETEC, 2006; ENSR, 2008).  

Below the alluvial deposits, the Late Eocene upper sand member of the Barnwell red sands 

grade downward into interbedded yellow sand and clay (Husted et. al., 1978). The Cretaceous-

age Tuscaloosa Formation lies unconformably below the Barnwell Formation and consists of 

fine- to coarse-grained, subangular, micaceous, arkosic sands that are interbedded with gray to 

green, locally iron-stained kaolinitic, micaceous sandy clays (Legrand, 1956; Husted et. al. 

1978). The base of the Tuscaloosa in this area dips slightly to the southeast and lies 

unconformably above Pre-Cambrian and older Paleozoic crystalline bedrock that includes mica 

schist, felsic gneiss and schist, and granite and granite gneiss (Couch et. al., 1996). 

Sand and gravel deposits within the alluvium are the most permeable geologic deposits in the 

vicinity of the Site. Recharge to the Tuscaloosa formation occurs in outcrop areas west of the 

Ocmulgee River, and groundwater in the alluvium and Tuscaloosa is expected to discharge into 

the Ocmulgee River (ENSR, 2008). The Paleozoic-aged and older igneous and metamorphic 

rocks, and associated saprolite generally exhibit low transmissivities. 

3.2.2 Site Geology 

Numerous investigations completed at the Site identified geologic units consisting of fill material; 

unconsolidated alluvial deposits; sandy clays of the Tuscaloosa Formation; a clayey to silty 
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saprolite; and a granitic gneiss bedrock (Williams, 2000; RETEC, 2006). Throughout most of the 

Site, the fill material is comprised of a combination of sand, silt, clay, and gravel and is 

encountered from the ground surface to depths ranging from approximately 0.2 to 15 ft below 

ground surface (ft bgs).  

The alluvial deposits underlying the fill material generally grade downward from sandy clays and 

clayey sands, to silty sands, further to sands and gravelly sands (RETEC, 2006). The alluvial 

sands and gravels have been subdivided into upper, middle, and lower sands and gravels 

(ENSR, 2008).  

The alluvial deposits overlie the Cretaceous-age Tuscaloosa Formation (where present) and the 

older, underlying saprolite. The Tuscaloosa Formation is generally found west and north of Sixth 

Street and tapers off in the western/northwestern portion of the Mulberry Street MGP Site, 

consistent with the orientation of the overlying beds. The Tuscaloosa is encountered from 5 to 

23 ft bgs and thickness ranges from approximately 3.5 to 11 ft. (ENSR, 2008).  

The base of the Tuscaloosa formation lies unconformably above a saprolite unit. Saprolite, a 

product of rock decomposition that is formed through in situ chemical weathering, is 

characteristic of the region (Pavich, 1996). It is characterized by the presence of relict structures 

present in the original unweathered rock and exhibits the original rock makeup. The saprolite 

encountered at the Site is generally a clayey silt characterized by relict foliation and structures 

associated with the parent igneous and metamorphic rock. The thickness of the saprolite at the 

Site ranges from approximately 6.5 to 30 ft (RETEC, 2006; ENSR, 2008).  

The saprolite at the Site is not considered to be a porous media due to the documented limited 

number of fractures observed during subsurface investigations. The decomposition of granitic 

gneiss, abundant in both muscovite and biotite mica, has formed sheet silicates that weather 

readily into clays. The resulting saprolite has a low flow capacity with low permeability and little 

to no secondary porosity (RETEC, 2006; ENSR, 2008; ECM, 2011). The saprolite contact, as 

determined from review of historic boring logs and cross-sections, generally dips downward 

from southwest to northeast (Figure 3-3). The thickness of saprolite across the Site ranges from 

30 ft in the western portion of the Site to approximately 6.5 ft west of the intersection of Walnut 

and 7th Streets. Saprolite thickness in the vicinity of this intersection is observed to generally be 

consistent at approximately 6.5 ft (RETEC, 2006; ECM, 2011; ERM, 2011).  

The underlying bedrock consists of a granitic gneiss containing both open and fused fractures 

that diminish with depth (RETEC, 2006). A downhole geophysical study was performed by 

COLOG in bedrock groundwater monitoring wells MW-12DD, MW-22D, MW-23D and MW-24D 

in 1999 (Appendix E of the 2000 CSR). In June 2005, COLOG performed geophysical logging in 

ten well boreholes at the Site (RETEC, 2006, Appendix D). The results of the geophysical 

logging demonstrated that the fractures vary in aperture and dip angles range from 10 to 85 

degrees from horizontal. Bedrock fractures demonstrate a primary fracture orientation to the 

east and southeast and flow lines are generally parallel to fracture orientations (Figure 3-3). 

Topographic changes in the top of bedrock at the Site generally mimic top of saprolite 

topographic changes in the vicinity of the intersection of Walnut and 7th Streets where saprolite 

thickness is approximately uniform, so that top of saprolite contours noted on Figure 3-3 in this 

area denote approximate elevation variations in the top of bedrock. As such, top of saprolite 

“low” and “high” areas indicate corresponding top of bedrock lows and highs. 
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Detailed information on the Site geology was obtained from several phases of CSR and 

supplemental investigations. These data were used to generate conceptual geologic cross 

section views of the Site’s subsurface stratigraphy. Cross sections that depict the geology of the 

Site before soil excavation and ISS in the ADGISSM and Western Portion area were provided in 

previous CSRs (RETEC, 2004a). These cross sections have been updated to reflect the change 

in geology due to soil removal activities and replacement of impacted soil with clean, fill 

material. Geologic cross-sections (A-A’, B-B’, C-C’, D-D’) illustrating the current Site geology 

and hydrogeological conditions are presented in Figures 3-4 through 3-6.  

Groundwater is present in portions of the fill material, the alluvium, the Tuscaloosa Formation, 

saprolite and bedrock. Groundwater is typically first encountered at a depth ranging from 6-20 ft 

bgs. During Site restoration activities following the 2002, 2009 and 2015 soil excavation and ISS 

actions, excavated areas of the Site were backfilled with either imported backfill material 

consisting primarily of clays, silty clays and sandy clays, and/or excavated soil tested for 

compliance with reuse criteria. The material placed in the excavated areas was compacted to at 

least 95 percent compaction, resulting in a low permeability. 

3.2.3 Site Hydrogeology 

3.2.3.1 Alluvium Hydrogeology 

The alluvium groundwater monitoring network at the Site consists of 29 wells completed in the 

shallow alluvium and 3 wells, identified as intermediate wells, completed deeper in the alluvium 

(Table 3-2). The most recent groundwater level gauging event at the Site was completed on 

February 19, 2018 (Table 3-3). As shown on Figure 3-7, alluvial groundwater flow direction 

observed during the February 2018 event is in an easterly direction, towards the Ocmulgee 

River. Hydraulic conductivity in the alluvium at the Site is estimated to be 1.68 x 10-3 

centimeters per second (cm/sec; RETEC, 2006), or 4.76 ft/day. Since 2006, the hydraulic 

conductivity and effective porosity reported in the 2006 CAP-A have been used to estimate 

groundwater seepage velocity. Seepage velocity in the alluvial aquifer for the February 19, 2018 

event was estimated from the product of hydraulic conductivity (K) and horizontal hydraulic 

gradient (i), divided by effective porosity (ne). Based on these parameters, the February 2018 

alluvial seepage velocity is approximately 1.1 ft/day in the western portion of the Site and 

approximately 0.26 ft/day in the eastern portion (see Table 3-4 for seepage velocity calculations 

and Appendix C for gradient calculations). The calculated approximate seepage velocities are 

consistent with those previously-reported to EPD in semiannual groundwater monitoring reports.  

3.2.3.2 Bedrock Hydrogeology 

The bedrock groundwater monitoring network at the Site consists of 34 wells, of which 4 wells 

are completed at depths of greater than 70 ft bgs to provide vertical delineation data and are 

identified as deep bedrock wells (Table 3-5). Groundwater levels at bedrock groundwater 

monitoring well locations were most recently gauged on February 19, 2018 (Table 3-6). Figure 

3-3 shows the hydraulic potential in shallow bedrock wells for February 19, 2018. DNAPL was 

detected at MW-111D and MW-309D in February 2018, consistent with previous events. 

Observed DNAPL thickness where present is noted in Table 3-5.  
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Groundwater occurrence and movement within fractured bedrock aquifers is controlled by a 

combination of hydraulic gradients, fracture orientations and fracture connectivity. As shown on 

Figure 3-8, the hydraulic potential in bedrock decreases across the Site from approximately 

west to east-southeast. The observed drop in hydraulic potential combined with evidence of the 

orientation of bedrock fractures (Figure 3-2) indicates that movement of groundwater in the 

bedrock aquifer is primarily to the east/southeast towards the Ocmulgee River. Since fractured 

bedrock aquifers are inherently anisotropic and heterogeneous, calculation of seepage velocity 

may not be representative using bulk porosity estimates. However, a range of porosity 

estimates may provide bounds on the estimated groundwater seepage velocity in the bedrock 

aquifer. Multiple seepage velocities are presented in Table 3-4 using porosity estimates from 

literature and by solving three-point problems for different areas of the Site using the February 

2018 groundwater elevation measurements. The calculated range of seepage velocities in the 

bedrock aquifer in February 2018 at the western portion of the Site was between 0.08 and 6.17 

ft/day, and between 0.05 and 3.63 ft/day in the eastern portion of the Site (see Appendix C for 

gradient calculations). The calculated approximate seepage velocities are consistent with those 

previously-reported to EPD in semiannual groundwater monitoring reports.  

Measured hydraulic conductivity in bedrock aquifers varies from well to well based on the 

fracture network the individual borehole intersects. To get the most reasonable estimate of 

groundwater occurrence and movement in the aquifer, the best approach is to assess numerous 

wells, and to use more than one evaluation method. In an effort to more fully assess 

groundwater movement in the bedrock aquifer beyond the groundwater seepage velocities 

estimated above, the following paragraphs summarizes investigations at the Site to refine 

understanding of the bedrock aquifer fracture system and groundwater occurrence in bedrock 

fractures. 

Extensive geophysical and aquifer testing has been performed at the Site to refine 

understanding of the fracture network and hydrogeological characteristics of the bedrock aquifer 

in the eastern area of the Site where MGP-related impacts are observed in bedrock 

groundwater. In summary, results of the testing demonstrate that bedrock beneath the Macon 

MGP Site contains a relatively small number of low-yielding fractures. Ambient groundwater flow 

rates in fractures under equilibrium conditions ranges from less than 0.0001 gallons per minute 

(gpm) to 0.0024 gpm. Therefore, unless water is pumped from the bedrock zone, the rate of 

flow in this zone is very low to almost no flow (RETEC, 2006). Details of bedrock groundwater 

level monitoring activities, aquifer characterization investigations and conclusions regarding 

potential for movement of groundwater in the bedrock aquifer are provided below. 

Sustainable Yield Pumping Test 

A sustainable yield pumping test performed in bedrock well MW-12D in October 2003 (Appendix 

M, RETEC, 2006) showed that steady-state equilibrium was achieved with a pump discharge 

rate of 0.5 gpm. Based on interpretation of the pumping test data, a hydraulic conductivity of 

3.4E-06 cm/sec (9.6E-03 ft/day) was calculated for the pumping well (RETEC, 2006). The 

pumping test results demonstrate that the bedrock aquifer provides limited groundwater yield in 

the immediate vicinity of the Site. 
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Geophysical Logging  

Data from downhole geophysical studies performed in four bedrock wells in November 1999 

combined with core samples recovered during drilling operations were used to identify the strike 

and dip of a set of potentially water-producing fractures east of the Site. The results of this 

investigation were presented in Appendix E-5 of the 2000 CSR. Additional bedrock geophysical 

studies were completed in 2005 (RETEC, 2006 CAP-A) and included extensive downhole 

geophysical testing of ten bedrock wells, providing additional information on the strike and dip of 

potentially water-producing fractures.  

Geophysical logging was performed at well locations in 1999 (Williams, 2000) and 2005 

(RETEC, 2006). In regard to the pattern of water-bearing fractures at the Site, the 2005 results 

provided more substantial information than the 1999; therefore, that event is the focus of this 

section. Ten boreholes were assessed to determine fracture orientation and aperture. In 

addition, fracture density and ambient flow conditions were evaluated to determine location and 

capacity of water-bearing fractures. The results showed that the dominant water-bearing 

fracture or fractures at 90% of the well locations was, on average, within the top 28% of the 

open corehole interval, and that fracture aperture and density decreases with depth, signifying 

that the majority of groundwater movement in the bedrock is in the shallow portion of the 

aquifer.  

Ambient flow testing in the coreholes (e.g., assessment of flow through fractures under static, 

non-pumping, steady-state conditions) identified only ambient horizontal flow as opposed to 

vertical flow. This observation indicates that there is little to no vertical hydraulic gradient in the 

wells, likely because there are fewer fractures at depth so coreholes were less likely to intersect 

a water-bearing fracture below the upper, shallow bedrock zone. Flow testing was also 

completed under pumping conditions to assess the impact of groundwater withdrawal on the 

capacity of water-bearing fractures. 

The flow capacity of water-bearing fractures was evaluated and reported as an interval or 

fracture-specific hydraulic conductivity. A table summarizing the results of the study was 

included in the 2006 CAP-A, and is included in this VRP CSR as Table 3-7. As shown in the 

table, the fracture with the highest flow capacity under static conditions was observed at MW-

113D near the top of the corehole at approximately 35 ft bgs (0.022 gpm). Wells were also 

tested under pumping conditions. The fracture with the highest flow capacity under pumping 

conditions (13.9 gpm) was IW-3, a well used during the 2004 ISCO injections (see Section 3.0) 

which was abandoned during the 2009 soil excavation and ISS activities as it was located within 

the footprint of the 2009 ISS mass.  

Under ambient conditions, the average flow was 1.35 gpm, in contrast to under pumping 

conditions where the average flow rate for all wells was 123 gpm. The median rates under 

ambient and pumping conditions were 0.0009 gpm and 0.31 gpm, respectively.  

The following conclusions are drawn from the study: 

 In ten wells tested, only thirty-two water-bearing fractures or fracture zones were identified. 

 The average length of the intervals where flow was detected in tested wells ranged from 

approximately 0.1 ft to 0.3 ft, with the exception of MW-110 and MW-111 where fracture zones 

with measured low were estimated to range from 0.1 to 0.6 ft.  
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 Groundwater movement in the bedrock aquifer occurs primarily in fractures in the upper 

portion of the bedrock zone, near the saprolite/bedrock interface. 

 Fracture density and water-bearing capacity decreases with depth. 

 The combined length of all intervals where flow was observed was approximately 5.6 ft, 

representing less than 1.5% of the total length of bedrock aquifer tested which was 

approximately 470 ft. 

 Under ambient, non-pumping conditions, groundwater movement in the bedrock aquifer is little 

to none with a maximum flow rate of 0.002 gpm. 

Pneumatic Slug Testing 

Testing was completed in MW-110D, MW-111D, MW-200D, MW-207D and ISCO injection well 

IW-1 between November 2006 and February 2007. Hydraulic conductivity values from 

pneumatic slug testing ranged from 4.6E-04 to 9.2E-04 cm/sec (1.3 to 2.6 ft/day), with the 

exception of MW-110D which was 7.1E-03 cm/sec (20 ft/day). The higher value is likely due to a 

larger-aperture water-bearing fracture intersected by the well (ENSR, 2008).  

In summary, there is little to no movement of groundwater in the bedrock aquifer under static 

conditions. In regard to fate and transport of dissolved phase COI, bedrock characterization 

activities at the Site show low potential for migration of COI in bedrock groundwater. This 

conclusion is supported by laboratory analytical data of groundwater samples collected at the 

Site for more than 20 years that shows that dissolved phase COI have not migrated more than 

400 ft from the intersection of Walnut Street and 7th Street (see Section 6.4.1). 

3.2.4 Distribution of DNAPL in Bedrock 

DNAPL is present at the Site at bedrock monitoring wells MW-111D and MW-309D (Table 3-6). 

DNAPL was first observed at MW-111D in 2006 during groundwater extraction activities at the 

well completed as part of ISCO corrective actions. DNAPL has been detected at MW-309D 

since installation in 2013. Although DNAPL was not observed during installation of the well, it 

entered the well during well development as groundwater was pumped from the well. As noted 

in the VIRP and further discussed in subsequent VRP Progress Reports, DNAPL was observed 

during the installation of MW-305D, located east of the 2009 ISS along the eastern side of 7th 

Street, in 2013. The DNAPL was encountered at the top of bedrock, at the saprolite/bedrock 

interface at a depth of approximately 31 ft bgs at the MW-305D location. DNAPL has never 

been detected in MW-305D. 

In 2007, in response to the detection of DNAPL at former MW-110D and at MW-111D, NAPL 

adsorbent (FLUTe) liners were inserted into select bedrock wells in order to investigate the 

presence of DNAPL and the location of NAPL-bearing fractures in the test wells if present. 

FLUTe work at well MW-200D (within the footprint of the 2009 ISS, subsequently abandoned 

prior to the ISS and replaced by existing MW-200DR) provided additional insight into the depth 

of the major BPLM-bearing fractures. At this well location, three fractures between 

approximately 27 to 33 ft bgs contained evidence of mobile DNAPL. At other wells where 

FLUTes were installed, the only evidence of DNAPL was noted as a few blebs in the liners at 

MW-201D at 29 ft. bgs and MW-110D at 33.7 ft. bgs.  
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As presented in the VRP 3rd Semiannual Progress Report (ERM, 2016c), DNAPL samples were 

collected from MW-111D and MW-309D for characterization, and the reported viscosities at 

10°C were 347 and 350 millipascal-second (mPa-s), respectively. The viscosity of water at 10°C 

is approximately 1.3 mPa-s, significantly lower than the viscosity of the Macon MGP site 

DNAPL. Consequently, the high viscosity of the DNAPL limits mobility in the subsurface, so that 

distribution is not only controlled by the presence, orientation and connectivity of fractures and 

joints, but also by the aperture of the features (because migration will stop once the viscous 

forces [entrance pressures] are too high for the substance to enter an opening). Once entrance 

pressures are exceeded, the DNAPL will become immobile.  

The occurrence of DNAPL in the shallow bedrock zone at MW-305D, MW-200DR and MW-

111D and lack of DNAPL observations in deeper fractures at MW-305D demonstrates that the 

driving forces of DNAPL migration are not sufficient for DNAPL to migrate vertically to deeper 

fractures in the bedrock. As originally presented to EPD in Figure 3-6 of the 2004 CSR and 

included herein as Figure 3-2, top of saprolite “low” areas, which mimic top of bedrock “low” 

areas, exist northeast of former Mulberry Street MGP property. Over the last 150 years (i.e., 

since operation of the MGPs and source release of DNAPL), data indicates that DNAPL has 

migrated along the saprolite/bedrock interface to these lower elevation saprolite and 

corresponding bedrock surface area lows. Groundwater monitoring well data shows that DNAPL 

has migrated a distance of approximately 75 ft from the former MGP property and pooled in the 

areas of saprolite and bedrock surface lows in the vicinity of MW-111D and MW-305D. The 

bedrock groundwater well network is robust in this area; the lack of DNAPL observation at 

nearby wells supports the conclusion that the horizontal migration of DNAPL is limited as it 

pools in areas of saprolite and bedrock surface lows. In addition, the absence of visual 

indicators of DNAPL at MW-309D during installation coupled with DNAPL entry to the well while 

pumping indicates that the DNAPL was immobile under ambient, non-pumping conditions and 

the extraction of groundwater from the well induced movement of the DNAPL to the well. 

Vacuum enhanced fluid recovery (VEFR) events were completed at the Site over several years 

beginning in 2011 in an effort to evaluate the feasibility of removal of dense NAPL (DNAPL) 

from MW-111D and MW-302D. VEFR events were later discontinued based on evidence that 

they were causing destabilization and possible accelerated migration of dissolved phase COI. In 

a comment letter dated February 21, 2017, EPD concurred that VEFR events have not been 

effective in remediating DNAPL and that VEFR events could accelerate migration or 

destabilization of the dissolved phase plume. 

The observed limited extent of DNAPL at the Site is consistent with the immobile nature of the 

DNAPL and the geologic setting. The extent of DNAPL in the bedrock setting at the Site is 

considered of limited consequence, based on the following Site-specific observations: 

 The presence of DNAPL has been delineated at the Site; 

 The DNAPL areal extent is limited to the bedrock surface low area near the intersection of 

Walnut and 7th Streets, and is present only within road ROWs adjacent to the Site; 

 DNAPL has been removed, decontaminated, or immobilized to the extent practicable;  

 The site geology (for example bedrock micro-fractures and bedrock topography) creates an 

impediment to migration of DNAPL;  
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 The maximum distance of DNAPL migration beyond the former MGP property boundary is 

approximately 75 ft, over approximately 150 years.  
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4.0 SOIL INVESTIGATION 

The soil investigations summarized in Sections 2 and 3 provided the data required to delineate 

the vertical and horizontal extent of COI in soil at the Site. The EPD-approved RRS for the 

Macon Site, including EPD-approved background concentrations for COI based on a previous 

study (Appendix J of the 2000 CSR) are shown in Table 1-3. Soil delineation standards under 

the VRP are the HSRA Type 1 RRS. As a result of the numerous soil investigations completed 

at the Site, soil has been delineated to VRP standards protective of human health and the 

environment. Numerous previously-submitted reports provide extensive details of the various 

investigations completed to delineate COI in soil at the Site. The following sections provide the 

information required to demonstrate the achievement of delineation of soil to VRP standards. 

The following sections summarize the results of all soil delineation activities. 

4.1 Horizontal and Vertical Extent of MGP Impacts and COI in Soil 

4.1.1 Mulberry Street MGP Delineation of Residual MGP Impacts 

The extent of visual observations of BPLM in soil and vertical and horizontal delineation of COI 

to EPD-approved background concentrations in the Mulberry Street former MGP portion of the 

Site were completed in 2002 and reported in the 2004 CSR. As noted in the 2004 CSR, AGLC 

previously obtained EPD’s concurrence that concentrations of COI in the area (Figure 4-2 and 

4-3 of the 2004 CSR) as “Former Iron & Paper Stock Company, Oil Company and Junkyard” are 

not related to the former MGP operations, and this area is not considered to be part of the Site. 

As documented in the 2004 CSR, delineation of Site COI to background concentrations for 

parcels associated with the Mulberry Street MGP has been completed. Accordingly, VRP 

delineation requirements have already been met in the eastern portion of the Macon MGP Site. 

4.1.2 Western Portion MGP Delineation of Residual MGP Impacts  

Soil investigation activities described in detail in the 2014 VIRP and the 2016 CACR were 

performed to define the extent of site-specific COI exceeding EPD-approved background 

concentrations and applicable non-residential RRS at the Western Portion MGP section of the 

Site. Vertical and horizontal delineation of residual MGP impacts in unsaturated and saturated 

soil was demonstrated in the 2014 Western Portion CAP-A, which was included as Appendix C 

of the VIRP submitted in 2014. In summary, locations of observations of residual impacts are 

shown on Figure 4-1 and observation data are tabulated in Table 4-1. The limits of the 2015-

2016 Western Portion ISS were determined in part on the extent of residual MGP impacts 

observed in unsaturated and saturated zones to ensure that corrective actions encompassed 

the entirety of the area of residual MGP-related impacts. Confirmation soil samples were 

collected during implementation of the soil excavation and ISS corrective measures outlined in 

the VIRP and completed in 2015-2016 to confirm compliance of soils remaining on VRP 

qualifying parcels with applicable RRS. Methods and results used to determine compliance with 

RRS have been provided in the CACR (ERM, 2016a). 
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4.1.2.1 Western Portion MGP Delineation of Volatile Organic Compounds 

VOCs in soils in the Western Portion were delineated in 2013 to HSRA Type 1 RRS in 

accordance with VRP requirements. The locations of delineation borings (highlighted yellow) are 

shown on Figure 4-2 (surface soil to a depth of 2 ft bgs) and Figure 4-3 (subsurface soil, 2 ft bgs 

to water table), which demonstrate that VOCs in unsaturated soils are delineated horizontally 

and vertically. Analytical results for VOCs in surface soil (0-2 ft bgs) are included as Table 4-2. 

Results for VOCs in subsurface soils (from 2 ft bgs to top of the water table) are included as 

Table 4-3. 

4.1.2.2 Western Portion MGP Delineation of Semi-Volatile Organic Compounds 

SVOCs in soils in the Western Portion were delineated in 2013 to HSRA Type 1 RRS in 

accordance with VRP requirements. The locations of delineation borings are shown on Figure 4-

4 (surface soil) and Figure 4-5 (subsurface soil), which demonstrate that SVOCs in unsaturated 

soils have been delineated horizontally and vertically. Analytical results for SVOCs in surface 

soil (0-2 ft bgs) are included as Table 4-4. Results for subsurface soils (from 2 ft bgs to top of 

the water table) are included as Table 4-5. 

4.1.2.3 Western Portion MGP Delineation of Inorganic Compounds 

Inorganic COI associated with the former MGP operations have been delineated to HSRA Type 

1 RRS in the Western Portion MGP according to VRP requirements. The locations of 

delineation borings are shown on Figure 4-6 (surface soil) and Figure 4-7 (subsurface soil), 

which demonstrate that inorganic COI in unsaturated soils have been delineated horizontally 

and vertically. Analytical results for inorganic COI in surface soil (0-2 ft bgs) and subsurface 

soils (from 2 ft bgs to top of the water table) are included as Table 4-6 and Table 4-7.  
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5.0 GROUNDWATER INVESTIGATION 

As a result of the numerous groundwater investigations completed at the Site since 2002, 

groundwater at the Site has been delineated to VRP standards protective of human health and 

the environment. Details of groundwater monitoring results have been extensively detailed in 

reports previously submitted to EPD. The following sections provide the information required to 

demonstrate the achievement of delineation to VRP Standards. 

5.1 General Approach and Rationale 

Objectives of groundwater investigations have been to define the horizontal and vertical extent 

of dissolved COI, collect sufficient data to support development of appropriate corrective actions 

and, following the extensive corrective actions conducted at the Site, to confirm that the Site 

meets applicable cleanup goals. The network of groundwater monitoring wells has been 

adapted over the course of numerous investigations and corrective actions in order to effectively 

determine groundwater flow and gradients across the Site to evaluate characteristics of COI 

plume migration and monitor groundwater conditions in on-site and off-site areas. The existing 

groundwater monitoring network is shown on Figure 2-1. Well construction information for 

alluvial groundwater and bedrock groundwater monitoring wells is displayed in Table 3-2 and 

Table 3-5, respectively. Boring logs and well construction diagrams for all Site wells have been 

provided to EPD in previously submitted reports. 

5.2 Horizontal and Vertical Extent of Constituents of Interest in Groundwater 

Delineation standards under the VRP allow for the delineation of COI to the default HSRA Type 

1 (residential) RRS (Table 5-1). The most recent groundwater sampling event was completed in 

February 2018. All existing alluvial and bedrock groundwater monitoring wells were sampled for 

Site COI and NA parameters in February 2018, with the exception of MW-111D and MW-309D 

where DNAPL was observed at the time of the event. February 2018 analytical results for 

alluvial wells and bedrock wells are presented in Table 5-2 and Table 5-3, respectively. 

Groundwater sampling records for each well sampled are included in Appendix D. Laboratory 

analytical reports are included as Appendix E. Data validation information is included as 

Appendix F. A summary of historical groundwater analytical data for the Site COI and NA 

parameters collected for the groundwater monitoring program (since 2001) is provided as 

Appendix G. 

The horizontal delineation of benzene and naphthalene in alluvial groundwater to HSRA Type 1 

RRS is presented on Figure 5-1 and Figure 5-2. As shown in Table 5-2, no VOCs other than 

benzene are detected in alluvial wells above HSRA Type 1 RRS. Naphthalene was detected 

above HSRA Type 1 RRS at the same well locations with benzene exceedances above Type 1 

RRS. Concentrations of benzo(a)anthracene and chrysene detected at MW-12IR and MW-205, 

and benzo(b)fluoranthracene at MW-21 are equal to or above the HSRA Type 1 RRS but below 

the HSRA Type 2 RRS. As none of these wells are perimeter locations, horizontal delineation to 

HSRA Type 1 RRS in alluvial groundwater for VOCs and SVOCs is complete based on non-

detections at surrounding locations.  
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Cadmium was detected at two alluvial well locations and chromium at one location above the 

HSRA Type 1 RRS (Table 5-2). As no VOCs or SVOCs were detected at any of these three 

locations, and because the wells are in different areas of the Site with either no detection or 

detections below Type 1 RRS of cadmium and chromium at wells between these locations, the 

exceedances are isolated and may be indicative of natural occurrence of these constituents in 

the environment.  

The horizontal delineation of benzene in bedrock groundwater to HSRA Type 1 RRS is 

presented in Figure 5-3. Benzene is detected at a concentration slightly above the HSRA Type 

1 RRS at MW-308D. Benzene concentrations detected at MW-308D since 2015 show a 

decreasing trend (Appendix G). The well is located in Terminal Avenue near the Norfolk 

Southern rail line. Installation of additional bedrock wells to complete delineation is 

impracticable due to the adjacent, active Norfolk Southern rail line which limits ability to safely 

use a drill rig in the area, and the ISS mass north and east of the well. VOC and SVOC COI 

have never been detected above HSRA Type 1 RRS at MW-108D or MW-08D, which are 

located approximately 200 ft and 450 ft, respectively, east of MW-308D, in the direction of 

decreasing hydraulic potential. In addition, no other COI are detected at MW-308D above HSRA 

Type 1 RRS, indicating that all other Site COI are delineated in this area. 

The only other VOC detected above HSRA Type 1 RRS is in bedrock groundwater is toluene, 

which was only detected at one location, MW-305D. Surrounding wells with no detections of 

toluene serve as delineation points and indicate the limited occurrence of toluene at MW-305D.  

Naphthalene in bedrock groundwater has been horizontally delineated as shown on Figure 5-4. 

As noted in previous reports, no VOCs or SVOCs have ever been detected at perimeter 

monitoring wells MW-22D (monitored since 2005), MW-23D (monitored since 2003), MW-26D 

(monitored since 2004) or MW-27D (monitored since 2001). Also noted in previous reports, COI 

concentration detections and fluctuations occurring since 2014 at MW-24D appear to be the 

result of bedrock aquifer disturbances such as drilling and/or DNAPL recovery activities near the 

intersection of Walnut Street and 7th Street, which destabilize the plume. Data collected in 2016 

and 2017 indicate that the time to reach steady-state conditions at MW-24D after a bedrock 

disturbance as described above is likely to be at least a year. The February 2018 detection of 

naphthalene at MW-24D appears to be a residual result of the most recently completed DNAPL 

recovery event at MW-111D and MW-309D, which was conducted in June 2016. Benzene was 

not detected at MW-24D, indicating the naphthalene detection is likely due to intra-well 

variability caused by the previous disturbance of static groundwater conditions and not 

indicative of plume migration.  

Concentrations of benzo(a)anthracene and chrysene detected at MW-12DRR and MW-110D, 

and benzo(a)anthracene at MW-204D and MW-206D, are equal to or slightly above the HSRA 

Type 1 RRS. None of these wells are perimeter locations; therefore, delineation to HSRA Type 

1 RRS for these compounds is complete by non-detections at surrounding locations. The only 

inorganic COI detected in bedrock groundwater samples above the HSRA Type 1 RRS is 

barium, with a single detection of cyanide that exceeded the Type 1 RRS (Table 5-2). Barium 

detections and the cyanide detection are limited to wells located near the intersection of Walnut 

Street and 7th Street where benzene and/or naphthalene also exceed Type 1 RRS. No inorganic 

COI are detected above HSRA Type 1 RRS in wells located in the Western Portion MGP area 
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nor in perimeter wells MW-22D, MW-23D, MW-26D and MW-27D, demonstrating delineation of 

inorganic COI. Deep bedrock monitoring wells MW-27DD and MW-205DD complete vertical 

delineation of VOCs, SVOCs and inorganic compounds. 

Cross-sections showing horizontal and vertical delineation of all Site-related COI are included 

as Figure 3-3, Figure 3-4 and Figure 3-5.  
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6.0 COMPLIANCE WITH VRP STANDARDS 

6.1 Soil Compliance – Mulberry Street MGP Area 

All soils at the Site are in compliance with EPD-approved HSRA RRS cleanup standards or with 

VRP standards determined using exposure area averaging methods. The HSRA RRS and the 

VRP standards were calculated using EPD-approved methods and are protective of human 

health and the environment in accordance with requirements for delisting from the HSI. As 

noted in Section 1, soils impacted by former operations at the Mulberry Street MGP were 

certified as compliant with applicable RRS in the 2004 CSR (Table 1-2, Figure 1-4 and 

Appendix A). Numerous previously-submitted reports provide details of the completion of 

delineation and corrective actions in accordance with EPD-approved CAP, CAP-A or other basis 

of design documents and the 2004 CSR and the results of soil sampling demonstrating 

compliance of the certified parcels.  

6.2 Soil Compliance – Western Portion MGP Area 

The 2016 CACR presented the activities completed to address soils impacted by former 

Western Portion MGP operations. As demonstrated below, soil on parcels impacted by Western 

Portion MGP former operations is in compliance with HSRA RRS using either a point-by-point 

comparison, or by using an area averaging approach in accordance with the VRP, whereby the 

average concentration of any COI remaining in soil on an individual property after corrective 

action is at or below the RRS cleanup value. For the Site, the average concentration is defined 

as the 95% upper confidence limit (UCL) of the average utilizing ProUCL software. Both the 

point-by-point and area averaging methods for demonstrating compliance with cleanup 

standards are recognized and acceptable to EPD for certifying Site closure and delisting under 

the VRP. Figure 6-1 through Figure 6-3 show locations of the corrective actions completed at 

the Western Portion MGP. Corrective actions to bring soil into compliance with VRP standards 

by parcel are summarized below. Detailed information regarding rationale for design of the 

corrective actions, soil boring drilling logs, soil screening and collection methods, borehole 

abandonment techniques, sample handling and preservation techniques, decontamination 

procedures and laboratory methods are described in the 2014 VIRP and the 2016 CACR.  

Excavation and ISS corrective actions in the Western Portion MGP began in May 2015 (Figure 

3-1). Vadose zone soils that were impacted above established RRS or were observed to contain 

MGP-related BPLM were excavated for off-site disposal. The ISS treatment area encompassed 

the full horizontal and vertical extent of alluvial soils where MGP-derived BPLM was observed 

during previous investigations. The ISS mass extends at least 2 ft into the saprolite except in 

isolated areas where refusal was encountered at a depth estimated to be shallower than top of 

saprolite. In addition, three widths of ISS columns were installed around the perimeter of the ISS 

area, extending at least 5 ft into the saprolite, to increase the probability that the ISS was 

installed into competent material to eliminate potential for migration of COI. Excavation, ISS and 

restoration activities were completed in April 2016 (ERM, 2016a).  

The horizontal and vertical extent of MGP impacts in soil and delineation of VOC, SVOC and 

inorganic COI in the Western Portion are shown on Figures 4-2 through 4-7, and laboratory 

analytical results are presented in Tables 4-2 through 4-7. These figures depict all boring 
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locations within the Western Portion corrective action area where soils were determined to be 

compliant with residential RRS calculated pursuant to HSRA for VOCs, SVOCs and inorganic 

compounds. The laboratory analytical results were used to identify areas where soil is in 

compliance with residential standards so that those soils could be stockpiled for reuse as 

backfill during Site restoration following implementation of excavation and ISS corrective actions 

proposed in the 2014 VIRP. Areas where COI in soil exceeded residential RRS were delineated 

and the soil excavation areas included in the planning of Western Portion corrective actions 

were designed to remove soils identified above residential RRS.  

Confirmation soil samples were collected from excavation area sidewalls and floors during the 

2015-2016 Western Portion corrective actions to verify limits of soil removal to achieve 

compliance. Excavation limits were expanded, and confirmation samples collected from the 

limits of the expanded excavation to confirm removal of soils with COI above applicable HSRA 

RRS, when additional excavation was deemed necessary. The 14 excavation areas were 

discussed in the CACR (ERM, 2016a). The excavation areas and locations of confirmation 

samples collected from sidewalls and floors are shown on Figures 6-1 through 6-3. 

 Excavations completed from 0-2 ft bgs (Figure 6-1): 

o Areas 1 and 3 represent excavations completed to a depth of 2 ft bgs within the 

footprint of the ISS area. The majority of Area 2 was within the limits of the ISS, with 

a small portion extending beyond the footprint to the south, into the Macon-Bibb 

County ROW. Excavation areas 4 through 7 represent excavations completed to a 

depth of 2 ft bgs beyond the footprint of the ISS.  

 Excavation completed from 2-6 ft bgs (Figure 6-2) 

o Excavation 8 was completed from 2 ft bgs to 6 ft bgs with small areas in the north (on 

AGLC property), in the south (Macon-Bibb County ROW) and southwest (AGLC 

property) beyond the ISS area. Excavation 9 was completed from 2 ft bgs to 6 ft bgs 

within the footprint of the ISS, and area 10 was completed from 2 ft bgs to 6 ft bgs 

beyond the ISS area.  

 Excavations completed from 6 ft bgs to the water table (Figure 6-3): 

o Areas 11 through 14 were completed from 6 ft bgs to 10 ft bgs within the ISS 

footprint.  

As shown on Figures 6-1, 6-2 and 6-3, soils were either excavated and transported off-site for 

disposal or were stockpiled for re-use as backfill.  

6.2.1 Compliance of Backfill Soil with VRP Standards 

Stockpiled soils on-Site that met standards were used for backfill for site restoration. These soils 

were sampled at a frequency of one sample per 250 cubic yards of soil to confirm that reused 

soils met applicable RRS. Details of the excavation activities and confirmation sampling were 

provided in the CACR. All stockpile soil used as backfill at the Site is in compliance with 

residential RRS.  

A total of 62 soil samples were collected and analyzed for all Site COI; results are shown in 

Table 6-1. With the exception of benzo(a)pyrene, no COI were detected above HSRA 
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residential RRS (Type 1 and/or Type 2); therefore, backfill is in compliance with residential 

standards for all COI except benzo(a)pyrene using the point-by-point evaluation method.  

Compliance of backfill soil with residential Type 1 and/or Type 2 RRS for benzo(a)pyrene was 

assessed using the area averaging method. The UCL (95% confidence interval) for 

benzo(a)pyrene for the soil samples was determined to be 0.543 µg/L, which is well below the 

HSRA Type 1 RRS of 1.64 µg/L. Therefore, backfill soil complies with VRP standards. Outputs 

from the UCL calculations are included as Appendix H.  

6.2.2 Compliance of Norfolk Southern Property (West of Terminal Avenue) with VRP 
Standards 

Locations of the 23 soil borings advanced on the Norfolk Southern property west of Terminal 

Avenue are shown on Figure 4-1. No BPLM impacts were observed in unsaturated soils 

collected from any of the 23 borings. Laboratory analytical results for unsaturated soil samples 

collected from borings SB-910 through SB-914 in March 2013 (ERM, 2014a) are presented in 

Tables 4-2 through 4-7. No VOCs, SVOCs or inorganic compounds in surface or subsurface 

samples were detected above the HSRA Type 4 (non-residential) RRS approved for the 

property. Compliance with Type 4 RRS is consistent with current and anticipated future use of 

this property. 

An investigation completed in November 2013, described in detail in the 2016 VIRP, confirmed 

visual indication of MGP residual impacts in borings NS-1, NS-2, NS-3, NS-6 and NS-8 (Table 

6-2 and Figure 4-1). Meetings with Norfolk Southern during the design phase of the Western 

Portion remedy led to the understanding that the “double main line” west of Terminal Avenue 

where MGP impacts were observed is critical to the Norfolk Southern operations. Since invasive 

remediation was not possible on the property, this area will be designated as in compliance with 

VRPA clean up criteria for soil through use of institutional controls. 

Institutional controls, in the form of a UEC, will be used to prevent excavation below 2 ft bgs to 

mitigate potential exposure to residual MGP impacts in the saturated zone. Compliance status is 

shown on Figure 6-4. 

6.2.3 Compliance of Prodigy Woodworks Sub-parcel of R081-0135 with VRP 
Standards 

This parcel is owned by Prodigy Woodworks and was subdivided from Parcel No. R081-0076 

and is located at 310 6th Street, adjacent to the southern corner of the intersection of Mulberry 

Street and 6th Street (Figure 1-3). The larger parcel from which R081-0135 was subdivided 

(previously OC-26-3A) was certified as complying with Type 2 RRS in the 2004 CSR, which was 

approved by EPD in a letter dated December 7, 2004; a copy of which is included in Appendix 

A. As summarized previously, additional soil investigations were completed on this property 

during the pre-design investigation to delineate the extent of potential residual MGP impacts 

beneath the building previously located on this parcel. Minimal, residual MGP impacts (BPLM 

stringers and blebs) have been identified in saturated subsurface soils beneath the new sub-

parcel (Figure 4-1 and Table 4-1). Although no unsaturated soil impacts were identified at this 

parcel, as a conservative measure, institutional controls in the form of a UEC will be used to 

prevent groundwater extraction or use on the property. Currently, ground surface at the parcel is 
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concrete and the area is used as a parking lot. The anticipated long-term use of the parcel is for 

parking.  

6.2.4 Compliance of Macon-Bibb County Right-of-Ways with VRP Standards 

COI in unsaturated soil at the Macon-Bibb County parcel and within ROWs were delineated to 

HSRA Type 1 RRS prior to implementation of corrective actions in 2015 (Figures 4-2 through 4-

7 and Tables 4-2 through 4-7). COI within the corrective action footprint that exceeded HSRA 

residential RRS (Type 1 and/or Type 2) were excavated and sent off-site for disposal during the 

remedial activities. Confirmation samples from excavation sidewalls and floors were collected 

and analyzed for COI to verify removal of soil above HSRA residential RRS. In instances where 

COI were detected in the confirmation sample above the target cleanup level, additional 

excavation was completed, and confirmation samples collected until laboratory analytical results 

showed compliance with RRS. 

6.2.4.1 Surface Soil (0-2 ft bgs)  

Excavation Area 6 and portions of Areas 1 and 2 were completed on Macon-Bibb County 

property (Figure 6-1). Within Area 6, the only COI detected above HSRA residential standards 

in surface soil during pre-design investigations were benzo(a)anthracene, benzo(a)pyrene, 

fluoranthene, antimony, arsenic, beryllium, copper and lead; therefore, confirmation samples 

from this excavation were analyzed for these COI. Confirmation samples within Areas 1 and 2 

were analyzed for benzo(a)anthracene, benzo(a)pyrene and arsenic based on the pre-

corrective action investigations. As discussed in the CACR, additional soil excavation was 

completed in 6th Street to address impacts observed while disconnecting a gas service line in 

corrective action area. Confirmation samples from this excavation were analyzed for all Site 

COI. Analytical results for surface soil confirmation samples collected from property owned by 

the Macon-Bibb County are included in Table 6-3.  

Benzo(a)pyrene, arsenic and lead were the only COI detected in surface soil samples on 

Macon-Bibb County property that exceeded HSRA residential RRS. Statistical evaluation of the 

confirmation sample results shows that the UCL for benzo(a)pyrene (1.21 mg/kg) is below the 

HSRA residential standard (1.64 mg/kg). The UCL for arsenic (13.52 mg/kg) is below the HSRA 

residential standard (25 mg/kg), and the UCL for lead (219.9 mg/kg) is below the HSRA 

residential standard (400 mg/kg). Outputs for the UCL calculations are included as Appendix H.  

6.2.4.2 Subsurface Soil (2 ft bgs to Water Table)  

Locations of excavation confirmation samples on Macon-Bibb County property collected below 2 

ft bgs are shown on Figures 6-2 and 6-3. Benzo(a)anthracene was the only COI detected above 

HSRA residential RRS during the pre-design investigations and was therefore the only COI 

analyzed in confirmation samples. The analyte was not detected above HSRA Type 1 RRS in 

any of the confirmation samples collected (Table 6-4).  

6.2.4.3 Summary of Macon-Bibb County Right-of-Way Compliance 

Utility corridors were constructed in Terminal Avenue, Mulberry Street and 6th Street for the 

benefit of the Macon-Bibb County by removing soil within the corridors to 10 ft below street 

grade. The corridors were backfilled with stockpiled soil, which is in compliance with residential 
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RRS (see Section 6.2.1). The Macon-Bibb County property complies with HSRA residential 

RRS for soil (Figure 6-4) and VRP standards for groundwater through execution of an 

environmental covenant to restrict groundwater use. The UECs will also include restrictions on 

excavation within the ISS footprint where applicable (Figure 6-4).  

6.2.5 Compliance of AGLC Parcel with VRP Standards 

COI in unsaturated soil at the AGLC parcel R073-0384 were delineated to HSRA Type 1 RRS 

prior to implementation of corrective actions initiated 2015. COI within the excavation that 

exceeded HSRA residential RRS (Type 1 or Type 2) were identified prior to implementation of 

corrective action and were sent off-site for disposal during the excavation activities. 

Confirmation samples from excavation sidewalls and floors were analyzed for COI that 

exceeded HSRA residential RRS. Surface and subsurface soils at the AGLC parcel are in 

compliance with HSRA residential RRS as detailed below. 

6.2.5.1 Surface Soil (0-2 ft bgs)  

Only benzene and chloromethane were detected above residential standards in borings on the 

former MI&P property in March 2013 (Table 3-1). Excavation Area 7 (Figure 6-1) was designed 

to address these COI. Confirmation sample results for Area 7 presented in Table 6-5 show that 

neither benzene nor chloromethane were detected in confirmation soil samples. As such, 

surface soil in the northern portion of the AGLC parcel is in compliance with residential 

standards as calculated under HSRA.  

Benzo(a)anthracene, benzo(a)pyrene and arsenic were the only COI detected in surface soil 

samples collected from borings completed as part of remedial design investigations in the 

southern portion of the AGLC parcel that exceeded HSRA residential RRS. Excavation Areas 2 

and 3 were designed to address these impacts (Figure 6-1). Confirmation sample results for 

Area 2 presented in Table 6-5 show benzo(a)anthracene and arsenic were not detected in any 

samples above HSRA residential criteria. Benzo(a)pyrene was detected in three samples above 

HSRA residential standards. The confirmation samples represent the extent of excavation and 

the concentration of benzo(a)pyrene that remains on the property beyond the excavation limits. 

ProUCL was used to statistically evaluate benzo(a)pyrene concentrations in the confirmation 

samples. The UCL for benzo(a)pyrene was determined to be 4.695 mg/kg, which is above 

residential RRS and below non-residential RRS. Outputs for the UCL calculations are included 

as Appendix H.  

Based on investigations and corrective actions completed at the Site, benzo(a)pyrene is the 

only COI that potentially remains at the AGLC parcel in surface samples above residential 

standards as calculated under HSRA. The approximate area of the AGLC parcel is 2.73 acres, 

and can be divided into three subareas based on available data: 

1. The northern subarea, approximately 1.87 acres (68.5% of total parcel area) is represented 

by data collected in March 2013 at DDSB locations. Benzo(a)pyrene results for surface soils 

collected in March 2013 from DDSB locations (Table 3-1) in the northern portion of the 

AGLC parcel (Figure 3-2) were statistically evaluated to establish a UCL representative of 

the area. The calculated UCL was 0.145 mg/kg, an order of magnitude below the residential 

RRS of 1.64 mg/kg (Appendix H).  
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2. A second subarea is within the ISS footprint, which was backfilled with stockpiled soil and 

represents approximately 0.45 acres (16.5% of total parcel area). As noted above, 

stockpiled soil is in compliance with residential RRS under HSRA for all COI.  

3. The final subarea is the southern portion of the parcel where soil was not excavated and is 

represented by the confirmation soil samples collected for Area 2 as shown in Figure 6-1 

(approximately 0.41 acres, or 15% of total area). 

Using this data to represent the AGLC parcel in its entirety, a weighted average UCL for 

benzo(a)pyrene was calculated to assess compliance with residential RRS: 

 

Area Description Area (ac) Benzo(a)pyrene UCL (mg/Kg) 

Northern Subarea of Parcel 1.87 0.145 

Backfill Area 0.45 0.543 

Southern Subarea /Unexcavated 

Portion 

0.41 4.695 

Entire Parcel (UCL) 2.73 0.894 

Type 1 RRS (under HSRA)  1.64 

Parcel Compliant with Residential RRS? Yes 

  

6.2.5.2 Subsurface Soil (2 ft bgs to Water Table)  

Subsurface soil on the AGLC parcel beyond the limits of excavation Areas 8, 9 and 10 (Figure 

6-2 and 6-3) were determined to be in compliance with HSRA residential RRS during remedy 

pre-design investigations. Areas 8, 9 and 10 were designed to address detections of benzene, 

benzo(a)anthracene, arsenic and chromium in subsurface soil within the limits of excavation. 

Confirmation samples collected the excavation areas are present in Table 6-6 and locations are 

shown on Figure 6-2 and Figure 6-3. No COI were detected above HSRA residential RRS in 

subsurface samples. 

6.2.5.3 Summary of AGLC Parcel Compliance 

Surface and subsurface soils at the AGLC parcel (parcel no. R073-0384) are in compliance with 

residential RRS (Figure 6-4). Compliance has been demonstrated using point-by-point 

comparison of COI concentrations in soil to VRP standards except in the case of 

benzo(a)pyrene where exposure area averaging methods were used. 

6.3 Groundwater Compliance with Site-Specific VRP Standards  

The following sections summarize the compliance status of groundwater at the Macon Site. 

Alluvial groundwater and bedrock groundwater compliance are discussed separately as the 

location of residual COI impacts in alluvial groundwater only exists in the western portion of the 
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Site and residual COI impacts in bedrock groundwater exist in the eastern portion of the Site. 

Further, potential exposure pathways for alluvial groundwater and bedrock groundwater are 

different due to the depth of impacted groundwater, and the differences in aquifer characteristics 

that govern the applicability of potential pathways. Under the VRP, appropriate VRP standards 

to use for comparison to COI concentrations and/or the methods used to evaluate whether 

residual dissolved phase COI concentrations may pose an adverse risk to potential receptors is 

based on potentially complete exposure pathways. 

6.3.1 Alluvial Groundwater Compliance 

Alluvial groundwater at the Site is in compliance with HSRA Type 1 RRS with the exception of 

the limited area defined by groundwater monitoring wells AMW-14, AMW-15 and MW-205 

where benzene and naphthalene were detected at levels above HSRA Type 1 RRS (Figure 5-1, 

Figure 5-2 and Table 5-2). Isolated detections of benzo(a)anthracene and chrysene at MW-12IR 

and MW-205, and benzo(b)fluoranthracene at MW-21 are equal to or above the HSRA Type 1 

RRS but below the HSRA Type 2 RRS. Isolated detections of chromium at AMW-11 and 

cadmium at MW-11 and MW-28, as discussed in Section 5.2, exceed HSRA Type 1 and HSRA 

Type 2 RRS. However, as no VOCs or SVOCs were detected at any of these three locations, 

and because the wells are in different areas of the Site with either no detection or detections 

below Type 1 RRS of cadmium and chromium at wells between these locations, the 

exceedances are may be indicative of natural occurrence of the compounds in the environment 

and are not attributable to former MGP operations. As such, the only area of the Site where 

concentrations of MGP-related COI exist is the area adjacent to the western boundary of the 

Western Portion ISS on the Norfolk Southern property west of Terminal Avenue, and in the 

Macon-Bibb County ROW along Terminal Avenue adjacent to the Norfolk Southern parcel 

where corrective action could not be completed due to the active Norfolk Southern rail line 

(Figure 5-1 and Figure 5-2).  

As discussed in Section 6.2.2, meetings with Norfolk Southern during the design phase of the 

Western Portion remedy led to the understanding that the “double main line” west of Terminal 

Avenue where MGP impacts were observed is critical to the Norfolk Southern operations and 

invasive remediation was not possible on the property. As such Norfolk Southern has agreed to 

restrict groundwater use in this area and the area will be designated as in compliance with VRP 

standards for groundwater through use of institutional controls. Macon-Bibb County has also 

agreed to restrict groundwater use in the ROW and the area will be designated as in compliance 

with VRP standards for groundwater through use of institutional controls.  

6.3.1.1 Alluvial Groundwater Plume Stability and Natural Attenuation of Constituents 
of Interest 

Alluvial groundwater COI plume stability and the extent to which aquifer conditions are 

conducive to NA were evaluated in order to assess the potential for impacts to alluvial 

groundwater to migrate beyond the limits of the groundwater use restrictions. In addition, the NA 

evaluation can be used to conservatively assess the potential for COI to persist at current 

locations at concentrations that may potentially pose an adverse risk of vapor intrusion at any 

future enclosed structures (although the construction of a structure on the Norfolk Southern rail 

line property or within the Macon-Bibb County ROW is highly unlikely). NA in an aquifer limits 



 

ERM 32  VRP CSR 2018 

  Macon MGP 

the migration of dissolved phase COI and ultimately results in decreased COI concentrations as 

COI are naturally oxidized by microorganisms to innocuous end-products such as water and 

methane. 

Snapshots of the distribution of dissolved phase COI (benzene and naphthalene, specifically) in 

alluvial groundwater in 2000-2001, 2013-2015 and the current, 2018 distribution are shown on 

figures in Appendix I. DNAPL has not been detected in alluvial wells; therefore, this plume 

stability demonstration focuses on dissolved phase COI. The figures provide a demonstration of 

how corrective actions have effectively been implemented to reduce the size of the dissolved 

phase plume. Additionally, the lack of migration from the source release areas to downgradient 

wells demonstrates the stability of the plume extent. In particular, benzene and naphthalene 

have been below Type 1 RRS in downgradient perimeter wells, and even at wells located 

between corrective action areas and the perimeter wells since 2000, as indicated by monitoring 

well locations highlighted in green.  

As a threshold point, it is important to recognize that the releases at the Site are quite old, 

dating back a minimum of 80 years and likely more than 150 years. Despite the passage of 

many decades, the groundwater impacts have not spread more than a few hundred feet 

downgradient from the two MGPs, even before corrective action. Data collected at the Site over 

a period of approximately 20 years demonstrates clearly that: 

 groundwater flow conditions in the alluvial aquifer have remained consistent over time 

(Figure 6-5); 

 the alluvial groundwater monitoring network has been capable of detecting any potential 

migration from cross-gradient and downgradient flow; 

 the plume is no longer migrating but, rather, has been shrinking since the first phase of soil 

excavation and ISS in 2002; and 

 detected concentrations of COI are limited to a small, isolated area west of Terminal Avenue 

within the Macon-Bibb County ROW at Terminal Avenue and on Norfolk Southern property 

adjacent to an active rail line; and 

 with the exception of the area noted in the previous bullet, all detected concentrations of 

COI in alluvial groundwater are below residential HSRA RRS rendering the exposure 

pathway for alluvial groundwater incomplete for the vast majority of the Site. 

As discussed below, evaluation of NA parameters indicate that dissolved phase COI are unlikely 

to migrate beyond the current extent at AMW-14, AMW-15 and MW-205 due to the ongoing 

occurrence of natural biodegradation processes at the Site. These processes have been 

evaluated during numerous quarterly and semiannual groundwater monitoring events and 

reported in previously-submitted semiannual monitoring reports. As noted in the previous 

reports, the observed distributions of dissolved oxygen (DO), oxidation-reduction potential 

(ORP), nitrate, nitrogen, carbon dioxide, methane, iron, and ferrous iron appear to be related to 

the distributions of dissolved MGP-related organic COI and, therefore, provide evidence that 

natural biodegradation processes are occurring.  
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When DO is present in groundwater at sites impacted by non-chlorinated organic contaminants, 

microorganisms will preferentially use the oxygen as a terminal electron acceptor as they 

oxidize organic compounds to carbon dioxide and water. However, when oxygen is not present 

or has been consumed, microorganisms may use available alternative electron acceptors 

(nitrate, ferric iron, sulfate, manganese (IV), and carbon dioxide) to metabolize organic 

compounds. In the course of this process, electron acceptors are converted to their respective 

reduced forms (nitrite, ferrous iron, sulfide, manganese (II), and methane), which are then 

released as byproducts of the metabolic processes. Thus, measuring and comparing 

concentrations and distributions of electron acceptors and reduced metabolic byproducts to 

concentrations and distributions of organic constituents can reveal a pattern indicative of 

biodegradation activity.  

Groundwater samples with elevated concentrations of organic COI and/or methane generally 

exhibited lower DO values as oxygen is consumed during biodegradation of organic 

compounds. Laboratory measurements of groundwater samples collected in February 2018 

indicated the lowest concentration of DO was in the sample collected at MW-205 (1.6 mg/L; 

Table 5-2). DO measurements at AMW-14 and AMW-15 were 4.0 mg/L and 4.6 mg/L, 

respectively, which are each below the average DO measurement of 6.58 mg/L for samples 

collected in February 2018 (Table 5-2). Low ORP measurements, such as the measurement of -

67.87 millivolts at MW-205, suggest that biodegradation of MGP-related organic constituents is 

consuming available oxygen which results in an anaerobic environment near the well.  

Nitrate was not detected at AMW-14, AMW-15 or MW-205 (Table 5-2), suggesting that 

biodegradation of benzene and naphthalene at these locations may be occurring through a 

nitrate reduction pathway. Methane was detected at AMW-14, AMW-15 and MW-205, providing 

evidence that biodegradation is occurring via reduction of carbon dioxide to methane as 

methane in groundwater occurs exclusively as a by-product of the anaerobic biodegradation of 

organic compounds. Detection of ferrous iron at the three locations with benzene and 

naphthalene detections provides an indication that biodegradation of organic COI may also be 

occurring via the iron reduction pathway. 

Historical and recent data indicate that biodegradation of MGP-related organic COI is naturally 

occurring at the Site and in this area in particular, such that these concentrations will continue to 

decline going forward. Based on consistency of past groundwater flow conditions which allows 

for prediction of the direction of any potential future plume migration, combined with evidence of 

historical plume shrinkage due to corrective actions and, to a lesser extent, ongoing NA 

processes, the data support that COI in alluvial groundwater in the restricted use areas will 

continue to decrease and will not migrate beyond the extent of these areas. 

In summary, alluvial groundwater at the Site is in compliance with residential (Type 1 and/or 

Type 2) RRS, with the exception of an isolated area where institutional controls will be used to 

restrict groundwater use to achieve compliance in accordance with the VRP. 

6.3.2 Bedrock Groundwater Compliance 

Under the VRP, groundwater cleanup to the extent necessary to protect human health and the 

environment can be evaluated based on exposure of potential receptors via potentially complete 

exposure pathways. Per the VRP statute, groundwater compliance and delisting from the HSI 
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can be achieved by demonstrating that remaining dissolved phase concentrations will not 

exceed exposure-pathway specific standards at the identified point of exposure (POE) where a 

receptor could come into contact with remaining COI at concentrations that may pose a risk. 

The POE is defined in the VRP as the nearest of: 

 closest existing downgradient drinking water supply well; 

 likely nearest future location of a drinking water well where public water supply is not 

currently available and is not likely to be made available in the foreseeable future; or 

 hypothetical point of drinking water exposure located at a distance of 1,000 ft downgradient 

from the delineated contamination. 

There are no existing water supply wells within a 1,000 ft radius used for drinking water, or any 

other use. Public water is currently available to the area and will continue to be available in the 

future; therefore, evaluation based on current or future drinking water well installation is not 

applicable. The relevant POE therefore becomes a hypothetical well at a distance of 1,000 ft 

from the extent of COI impacts.  

As shown on Figure 5-4 and 5-5 and noted in previous VRP Semiannual Progress Reports, 

detections of VOCs and SVOCs above laboratory detection limits are isolated to an area close 

to the Mulberry Street ISS mass, near the intersection of Walnut Street and 7th Street. 

Detections of VOCs and SVOCs do not extend more than 400 feet from MW-111D, a location 

where DNAPL has been observed since 2006. No COI have ever been detected at perimeter 

wells MW-22D, MW-23D, MW-26D or MW-27D (all located less than 1,000 ft from MW-111D), 

indicating that the area where dissolved phase COI are present is limited in extent and there is 

no migration of the dissolved phase plume at concentrations nearing HSRA Type 1 RRS 

beyond a distance of approximately 400 ft from MW-111D. In summary, data collected at the 

Site provides a demonstration that a hypothetical well located 1,000 ft from remaining dissolved 

phase MGP-impacts and residual DNAPL would not be impacted by COI above Type 1 RRS. 

6.3.2.1 Bedrock Groundwater Plume Stability  

An evaluation of historical dissolved phase COI and DNAPL distribution was conducted as part 

of a bedrock groundwater plume stability assessment to reasonably predict the potential for a 

hypothetical well to be impacted COI from former MGP operations in the future. Figures 

included as Appendix J present a history of the distribution of dissolved phase COI and DNAPL 

in bedrock groundwater. Snapshots of distribution of dissolved phase COI (benzene and 

naphthalene, specifically) in bedrock groundwater in 2000-2002, 2013-2015 and 2018 are 

shown. The figures provide a demonstration of the lack of migration of COI and limited 

occurrence of DNAPL during approximately 20 years of groundwater monitoring. Benzene and 

naphthalene detections in groundwater have been and continue to be limited to the east corner 

of the 2009 ISS and have not extended more than 400 ft from MW-111D, and DNAPL has never 

been detected at a distance of more than approximately 75 ft east of the 2009 ISS.  

Benzene and naphthalene concentrations detected in bedrock perimeter wells and other 

bedrock wells located between the perimeter wells and the area of corrective actions completed 

since 2000 have been, and remain, below Type 1 RRS for approximately 20 years, as indicated 

by monitoring well locations highlighted in green (Appendix J). A conceptual model of the 
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conditions at the intersection of Walnut Street and 7th Street, where residual impacts exist in 

bedrock groundwater, is shown in Figure 6-6. Data collected at the Site over a period of 

approximately 20 years provides substantial evidence that: 

 the plume extent is known, delineated and has not migrated in approximately twenty years 

of continuous monitoring; 

 DNAPL and dissolved phase COI are stable and not migrating, a condition that is expected 

to continue based on corrective actions performed to remove source areas, natural 

attenuation, physical properties of DNAPL, and bedrock hydrogeological studies which have 

shown no potential for mobility, and 

 Further, the bedrock hydrogeological setting (fracture size and type and bedrock 

competency) provides an impediment to the movement of impacts in groundwater and 

therefore does not present a risk to any potential receptors. 

In summary, no migration of dissolved phase COI is expected beyond the current extent based 

on the long history of available sampling data. Further, the area of DNAPL impact is in a steady 

state with no further migration expected.  

6.3.2.2 Bedrock Groundwater Point of Exposure Evaluation  

There are no drinking water wells located within 1,000 ft of the Macon Site, and based on land 

use in the area, the availability of public water, and the low yield of the bedrock aquifer, 

installation of a well in the area is highly improbable. Evaluation of all potentially complete 

pathways whereby a receptor may come into contact with dissolved phase COI or DNAPL 

indicates that the most likely, reasonable POE is the Ocmulgee River. The Ocmulgee River is 

located approximately 1,000 ft from the Site and is the likely discharge point for groundwater in 

the area, acting as a barrier to migration of dissolved phase COI. As such, the Ocmulgee River 

will be considered as the most likely POE for the purpose of evaluating protection of human 

health and the environment and status of groundwater compliance with the VRP. 

At the closest point, the Ocmulgee River is located approximately 1,000 ft northeast of the Site 

(Figure 1-1). Hydraulic potential in bedrock groundwater is towards the Ocmulgee River (Figure 

3-7). Thus, as a conservative exercise, a calculation was performed to determine the 

concentration of each detected COI in groundwater beneath the Site that could potentially result 

in groundwater concentrations at the point of discharge to the river in exceedance of drinking 

water standards, which are even more conservative than applicable In Stream Water Quality 

Standards. As shown in Table 6-7, the resulting concentrations are orders of magnitude higher 

than the highest concentrations present anywhere at the Site. Ocmulgee River surface water 

gauge information used in the calculations is included as Appendix K.  

In summary, there are numerous bedrock groundwater monitoring wells located between the 

Site and the Ocmulgee River that have never had a detection of COI above laboratory detection 

limits and/or above Type 1 RRS (MW-22D, MW-23D, MW-113D, MW-112D, MW-27D, MW-

26D). Data from years of groundwater monitoring at the Site demonstrate that dissolved phase 

COI are isolated to one localized area of the Site and are unlikely to migrate beyond 400 ft from 

that area. The POE evaluation shows that even under extreme circumstances (modeling using 
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very conservative inputs and assumptions), the residual dissolved phase impacts in bedrock at 

the Site do not pose a risk to a potential receptor at the groundwater POE.  

6.4 Summary of Soil and Groundwater Compliance Status 

As a result of the numerous corrective actions completed at the Site since 2002, soil at all 

parcels comprising the Macon Site are in compliance with residential or non-residential HSRA 

RRS, as applicable to current and future property use or in compliance with VRP standards 

using engineering and/or institutional controls. Groundwater at the Site is either in compliance 

with HSRA Type 1 RRS, in compliance with VRP requirements through the execution of UECs 

or is in compliance with VRP requirements based on cleanup standards demonstrated to be 

protective of human health and the environment.  
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7.0 EXPOSURE ASSESSMENT 

No complete pathways exist at the Site that would result in receptor exposure to Site COI above 

concentrations protective of human health or the environment. Land use surrounding the Site is 

primarily industrial/commercial. VRP qualifying properties associated with former operation of 

MGPs at the Site consist of undeveloped parcels, Macon-Bibb County ROWs and active rail 

lines. Investigations and corrective actions were previously completed on several adjacent 

properties under the HSRA program, and certifications of compliance for soil at those properties 

were included in the 2004 CSR (Appendix A). Certifications of compliance for soil at remaining 

properties impacted by former MGP operations are included in this VRP CSR. Potential 

receptors were identified in the VIRP through the evaluation of potentially complete exposure 

pathways based on existing and potential future land use, and the physical setting of the Site. 

This Section provides an update of the exposure assessment provided in the VIRP based on 

current and anticipated Site conditions.  

This section examines (a) whether individuals may be present on the subject properties, and are 

therefore identified as potential receptors, and (b) whether there is a reasonable likelihood for 

activities that can result in contact with environmental media containing site-related COI; i.e., 

potentially complete exposure pathways. 

Potential receptors and their exposure pathways are identified in the VIRP based on current and 

reasonably anticipated, or covenant-defined, future land use and groundwater use. The first 

study to identify potential receptors was summarized in the 2000 CAP. The potential receptor 

survey included a land use survey, water well survey, and an evaluation of surface water 

flow/storm water runoff conditions. The water well survey was updated in the VIRP to reflect 

current information provided by the Macon Department of Public Health in September 2014. 

7.1 Soil Pathway 

The 2004 CSR included compliance certifications and supporting data for numerous properties, 

City ROWs and CCP. The current and expected future use of these areas was re-assessed as 

part of the VRP CSR process. The standards used to certify the properties per current and 

expected future use remain applicable; surface and subsurface soils have been addressed to 

the extent necessary to be protective of human health and environment and no future action is 

required. Compliance status of soil at properties certified in the 2004 CSR is shown on Figure 1-

4. 

Surface and subsurface soil at parcels associated with the Western Portion MPG, including the 

City ROWs, are in compliance HSRA-calculated residential standards and land use restrictions 

(i.e., institutional controls limiting land use to nonresidential purposes only) are not needed to 

prevent unacceptable exposure to potential receptors, with two exceptions. Institutional controls 

are necessary for the Norfolk Southern Parcel and the sub-parcel at the corner of Mulberry 

Street and 6th Street (owned by Prodigy Woodworks), where corrective actions were not 

completed based on the property owners’ desire to instead execute UECs to mitigate potential 

risk to any current or future receptors. Potential receptors at the Norfolk Southern property are 

authorized railroad personnel who perform track maintenance and inspection activities. 

Reported COI concentrations in the surface soil currently meet HSRA non-residential risk-based 
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standards, and Norfolk Southern intends to execute a covenant to limit disturbance of the soil 

(including surface and subsurface) to protect the integrity/safety of the rail line and limit 

interruption of rail service. With the execution of the UECs, pathways associated with potential 

exposure to COI in soil will be incomplete and the parcels will comply with requirements of the 

VRPA.  

Institutional controls will be implemented at parcels where digging restrictions are required to 

maintain the integrity of ISS masses though execution of UECs. Compliance status of soil at 

properties associated with the former Western Portion MGP are shown on Figure 6-4. 

7.2 Groundwater Pathway 

Alluvial groundwater at the Site is in compliance with HSRA residential RRS with the exception 

of an isolated area on property owned by Norfolk Southern used as an active rail line, and the 

adjacent Macon-Bibb County ROW. The portion of the Norfolk Southern property with residual 

dissolved phase impacts was enrolled in the VPR in 2014 as a qualifying property with the Site, 

as impacts in the area where known but could not be addressed due to the rail line operations. 

Norfolk Southern intends to implement institutional controls on the property, including 

groundwater use restrictions and vapor mitigation measures if a building is constructed on the 

property in the future to mitigate the potential for the groundwater to indoor air pathway to be 

complete. The groundwater pathway will be addressed upon execution of the UEC. Likewise, 

UECs restricting groundwater use will be implemented for the portion of Terminal Avenue 

adjacent to the Norfolk Southern property where residual COI remain, to bring the impacted 

portion of Terminal Avenue into compliance with VRP standards. 

Institutional controls will also be implemented at the Prodigy Woodworks sub-parcel property to 

restrict the use of groundwater and require vapor investigation and/or mitigation prior to any 

future construction. The property will comply with VRP standards upon execution of the UEC. 

Residual impacts in bedrock groundwater are delineated to HSRA residential Type 1 RRS and 

do not extend more than 400 ft from the Site despite many decades (and perhaps more than a 

century) passing since the inception of the release. The area with bedrock groundwater impacts 

consists primarily of Macon-Bibb County ROWs and rail road properties. Groundwater is not 

currently used as a water supply for industrial or drinking water purposes in the vicinity of the 

Macon former MGP Site. The Macon-Bibb County Water Department provides water to the area 

surrounding the Site. The public water system draws water from the Ocmulgee River at a 

location approximately 3 miles upstream from the Site, and the river is the only source of water 

for the Macon system (ERM, 2014b).  

As noted in the VIRP, based on a search of United Stated Geological Survey records, 

information obtained from the Macon-Bibb County Health Department, there are no known 

water supply wells within 1,000 ft of the extent of known impacts in bedrock groundwater. A 

windshield survey completed in February 2018 around the Site did not identify any water supply 

wells located between the Site and the Ocmulgee River. Of the wells identified within a mile of 

the site (based on United States Geological Survey records and information obtained from the 

Macon-Bibb County Health Department) none are located downgradient of the Site between the 

Site and the Ocmulgee River (groundwater discharge point). Wells located upgradient, cross-

gradient, or on the other side of the Ocmulgee River (which is believed to act as a hydraulic 



 

ERM 39  VRP CSR 2018 

  Macon MGP 

boundary to groundwater flow) within a mile appear to be used solely for industrial use (e.g., 

process water, irrigation), with no public supply or domestic use identified.  

It is unlikely that a well would be installed in this isolated area in the future as public water is 

available, and the bedrock zone is unsuitable for water supply as it naturally provides limited 

groundwater yield. Further, before a private water well can be installed in Bibb County, the 

property owner or authorized agent must first apply for a permit with the Environmental Health 

Department1 which would be unlikely to receive County or City approval. As such, there are no 

current groundwater receptors and the potential future use of groundwater in the area is highly 

unlikely.  

Data provided in this VRP CSR demonstrate that use of groundwater for any purpose in the 

vicinity of the Site is impracticable and the Macon-Bibb County would not permit the installation 

of a water supply well. Therefore, there are no current or reasonably conceivable pathways for a 

receptor to be exposed to groundwater. In any event, evaluation of the potential for residual 

dissolved phase COI or DNAPL in bedrock to adversely impact a hypothetical well located 1,000 

ft from the Site shows that the POE would not be impacted. Therefore, dissolved COI and 

DNAPL remaining in place do not pose a risk to human health or the environment, no further 

evaluation is warranted, and bedrock groundwater is in compliance with requirements of the 

VRP. As a conservative measure, however, groundwater use restrictions will be implemented 

through the use of UECs on the parcels shown on Figure 7-1 and as indicated on the 

Compliance Certification included in this VRP CSR. 

In summary, comparison of groundwater monitoring data to applicable VRP standards for 

groundwater do not indicate any concentrations of COI above the VRP standards. Therefore, no 

further investigation, monitoring, or remediation for groundwater is warranted. 

7.3 Indoor Air 

Vapor intrusion (VI) is a constituent transport process that can occur when vapors from 

subsurface sources form and migrate upwards toward overlying buildings. There are no 

buildings present on the parcels included as VRP qualifying properties. There are only two 

properties where residual impacts remain in the subsurface; the Norfolk Southern property 

where soil is in compliance with standards protective of construction workers (Type 4 RRS) and 

minor residual impacts remain in saturated soil and groundwater, and the Prodigy Woodworks 

parcel at the corner of Mulberry Street and 6th Street. UECs will be executed for both properties 

requiring an assessment for VI potential, or vapor mitigation measures during construction of 

any enclosed structure, thus addressing the vapor pathway in the event of future construction.  

VI is not a concern for residual bedrock groundwater impacts near the intersection of Walnut 

Street and 7th Street, as documented in the correspondence from AGLC to EPD dated March 

22, 2017. As stated in that correspondence, VOCs can only partition to the vadose zone from 

the shallowest groundwater zone present at a given site. There is no VI pathway from bedrock 

groundwater impacts to a structure, as the shallow groundwater functions as a clean “cap”, 

                                                
 
1 http://northcentralhealthdistrict.org/bibb-county-environmental-health-department/ 

http://northcentralhealthdistrict.org/bibb-county-environmental-health-department/
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preventing VOC partitioning from bedrock groundwater into the vapor phase. As such, the VI 

pathway is not a complete pathway for current or future land use. 

7.4 Surface Water Pathway 

Although groundwater in the alluvial and bedrock zones eventually flows to the Ocmulgee River, 

as explained above, existing groundwater data indicate that dissolved phase COI in 

groundwater are attenuating rapidly and evaluation of the plume indicates that COI from the Site 

would not reach the river at any concentration. COI are not being transported to surface water 

through overland flow/storm water runoff. As a conservative measure, the potential for dissolved 

phase COI to reach the Ocmulgee River at concentrations that may adversely affect surface 

water quality was evaluated. The evaluation showed that even using conservative assumptions, 

groundwater discharge to the river will not impact surface water quality. Therefore, the 

Ocmulgee River, and users of this resource, are not identified as receptors for site-related COI. 

7.5 Covenants and Controls 

UECs have been prepared in accordance with Georgia Rule 391-3-19-08(7), to prohibit 

activities that may substantially interfere with engineering controls (i.e., the ISS mass) in place 

on any property. UECs prohibiting activities that would result in exposure to residential 

individuals to soils beneath the upper 2 feet of soil that would result in exposure to regulated 

substances above applicable RRS or to allow for unacceptable risks of vapor intrusion will be 

executed for properties where ISS was completed in 2002, 2009 and 2015 to avoid interference 

with the control. As noted previously, UECs restricting groundwater use will be executed as 

proposed in Figure 7-1. Requirements for assessment of the potential for VI at a future structure 

on the Norfolk Southern property and the Prodigy Woodworks property will be included in the 

covenants.  

A copy of the draft UECs for each parcel was submitted to EPD for approval prior to the 

submittal of this VRP CSR, and are also included as Appendix L. Comments have not been 

received from EPD as of the submittal date of this document.  
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8.0 SUMMARY AND CONCLUSIONS 

Activities completed at the Macon former MGP Site since submittal of the 2000 CSR and the 

2004 CSR to EPD have served to supplement the data collected since 1986 and confirm the 

understanding of Site conditions. The fundamental conclusions that are derived from these 

activities consist of the following: 

 The impacts above background concentrations and/or HSRA-calculated Type 1 (residential) 

RRS in soil and groundwater at the Site have been delineated horizontally and vertically. 

Sediments in the Upper and Lower Outfalls of the Ocmulgee River have been delineated 

horizontally and vertically in compliance with sediment removal and clean-up goals in 

accordance with the standards established per the approved Corrective Action Plan for 

Sediments in the Ocmulgee River dated January 5, 2001. 

 As a result of soil removal and ISS activities in 2002, 2009 and 2015, soils on all affected 

parcels, ROWs, railroad parcels, and CCP are in compliance with applicable cleanup 

standards for soil based on HSRA RRS. Certification pages are included in this report for 

parcels previously certified in the 2004 CSR (Appendix A), and for parcels where corrective 

actions were implemented in 2015 in accordance with the VIRP and as documented in the 

2016 CACR.  

 Sediment remediation was completed in 2002. The sediments in the Ocmulgee River are in 

compliance with sediment removal and clean-up goals in accordance with the standards 

established per the approved Corrective Action Plan for Sediments in the Ocmulgee River 

dated January 5, 2001, as documented in previous reports and correspondence (Appendix 

A). Testing of surface water collected from the Ocmulgee River indicates that the surface 

water has not been impacted by former MGP operations. 

 Groundwater at the Site is in compliance with either HSRA Type 1 RRS or VRP standards 

and groundwater use restrictions for certain parcels will be implemented through use of 

environmental covenants. 

 the residual dissolved phase plume in alluvial groundwater is stable as evidenced by: 

o data from nearly twenty years of groundwater monitoring demonstrates that 

natural attenuation is occurring resulting in a degradation of COI;  

o the effectiveness of corrective actions of source materials including soil 

excavation and ISS in 2002, 2009 and 2015 has resulted in reduction of COI 

concentrations and the extent of the plume; 

o detected concentrations of COI are isolated to a small area west of Terminal 

Avenue within the Macon-Bibb County ROW and on Norfolk Southern active rail 

line property; and 

o with the exception of the area noted in the previous bullet, alluvial groundwater 

concentration are below residential HSRA RRS rendering the exposure pathway 

for alluvial groundwater incomplete for the vast majority of the Site. 

 the residual impacts in bedrock groundwater are stable as evidenced by: 
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o the extent is known, delineated and has not migrated in approximately twenty 

years of continuous monitoring; 

o as demonstrated by two decades of data, DNAPL and dissolved phase COI are 

stable and not migrating, a condition that is expected to continue based on 

corrective actions performed to remove source areas, natural attenuation, 

physical properties of DNAPL, and bedrock hydrogeological studies which have 

shown no potential for mobility, and 

o further, the bedrock hydrogeological setting (fracture size and type and bedrock 

competency) provides an impediment to the movement of impacts in 

groundwater and therefore does not present a risk to any potential receptors.  

 The existing groundwater monitoring network is robust, and the period of post-corrective 

action groundwater monitoring has demonstrated that groundwater flow at the Site is 

consistent in terms of flow direction and gradient. 

Based on the conclusions of this VRP CSR and parcel certifications for all qualifying parcels, 

AGLC and GPC request EPD’s concurrence, and requests that the Site be delisted from the HSI 

upon the execution and recording of UECs for relevant portions of the Site. The proposed UECs 

for the affected parcels are included in Appendix L.  
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